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Pra, afar ae, ad waste, 
ay aly, aati Sih, areta orercteh 


FIeEe areatt, Fats ct., va. fier 


fe-dt arqare 
wet aR Sat, fenaike Ta 


cic ufsex (feet) 
apfeent feraret 


fe-dt sis aeatest 
welt Beaet 
Wena WAdach 
lel Hat 
fasica 

feet Hac 
fe-dt sis ctairse 
arext on. fer. wtoret 
tatet Stott 


STAT : 3-D simulation of merging 
black holes, through the detection of gravita- 
tional waves. Henze, NASA. URL: https://www. 
nasa.gov/centers/ goddard/universe/gwave. 
html. Licence: Public Domain. 

STALVT : Archaeopteryx bavarica. 
Luidger, Wikimedia Commons. URL: https:// 
en.wikipedia.org/wiki/File:Archaeopteryx_ 
bavarica_Detail.jpg. 

License: CC-BY-SA. 


STUIL 

3a sic cht WepIg aba Sa ch fey Ga 
wither aerated AR Ya SI. feta oa, 
sfvsar 


qhrahiaava aun athe dster derek aes, 
fAgitrs ee aratadl gua cnr fate sre each 
ard él 
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PUT tary & : So sich F venrNd ees Acta: HTS 
asx...(satsh) sim 3 read, 2017 & cel ar 


feat srqare 61 chat 4 arch fear sit feartor | ARUTe 


cel & aad €1 sae atlas Dash fayfearera 
a afin Dash Heuser cr Verda SAT saga 


ael 6! 


3Is ds... 


ifszpdRer Keel USA 


aan cht Ast a 
Fe SBT THT TT AACA SATA Ae AT AAT SLA Teh Vet eA Tay Sh FAL A 
adh @, faracht ‘atte? KS ani ease a ote, ait 8 ahs & Gat Tet Ft 
aie ae ERS HUB wear age a ga Ths aw Oa TaTT sett 8 Pe Pa 
ft fovea ara fare febat ar, fab ga ate So aaa Ht aa ga ae Stra et te Ger, 
We fee Stet St at ratica & ar saAT goa, star fe fasta wr Bera eat e |e F 
oft site fee rar @, feria Bram st sftp seal cat Set Aarhtey ofsear st aS ob aT 
aan At @, frat acta wae fasedtia ost are uktancaarant at ote aeat & Snr 
serrforer feet Tare Sie hee Parra At ae Seca ferer area | fears At Stet at syfererT 
areal Hl se ara & few dita Het AT sft @, fe a sa ofan ar saa Hy, a feck Gar 
GST G, ates Sarabt Usa At fara a | fears & serelt Perates ge otsrer at eave 
Al, AN Sah SMT STA SA Tet STE HY aaa ferenfelat & area ste wend z, aah, 
HR, STH A UH ‘ae’ HE Sept SRT seal as, Bie aelt-aett ct aleat aa 
fone Te STAT SAT AAT SA HTS STAT S| AAT, SA aT PhH cht Hy EX SATA 
& Ml a Hee fact @ Sad a He Tt sett aa coaTsH at fers ces Sh area A sreelt 
Tica A Ad TS ME | FAS ACTA Wh BI Brae are s fer Sas S oy SerrseT A fers 
Fl UES G Her Tet Maat F apr Pera , SH Wass S UsH-Ga S aA 
Pale H Has Teac TS eI 

ase Saat Gare (STA SAN SATeHTRT AL, Tare sit Gott at, aT Ree sare geal 
aftaca ait staat scaft & aS ware) & wad fraedta Sarat pt dere F aft 
faa it ga cease sepld G vee eft S1 seat, sar ut ch Gensi aarhaat 4 
ferret weet ch Stet T-SterT CesT HT ATA TET S ST rcrene SARK BTA TE St TEA 
Tad & | eat Teahrat 1 srenfta frwraed act WIS HF ga feat Ht aA Tat ST 
sare fare @ | feast ar alg ot forereff frre weet gt Genst CHS HA RL UH HT 
Fars ot set aes GaSHTT, Se fer Sara A aT Str Tet Rt TRA cor Ste a | 

a Be Se at A Sart awa Ee a Sara ae See aT aT AIT, IRS CERCICIE| 
ofrett rh oft opfteer aor oft emrarer at ara 2 stent eet a AA are we Sata a Aart 
ar vephy ay Beas fer site sraar fier sidt &, sik ga ate Sed SET Tea, BAK 
qdace a au, cea of fire ore S| ee aot A aC aes ager cea soar za, Fea 
aarirent & tat as ofaaeoat al faepierd SK fats ees Al SHUT Hr TTS HT ah 
AC Md TAT OR Ath oc St | ga Sts & chy GUS fae, sMfacht A sarect wahray, 
Bieete & areas, UR a fags Hi faare sik H aah s wife zs, a ad 
apt fareifend oped & fen fener ace Met rcht A sranos AY ote Sat Sara-aret At soph FT, 
Sant ada Gas Fl SA Hea Hae Ft eI 

faa Fi ae warerct @ fer see arg safer area seat Sle | aS Mea rfeat & fern ferat 
Bld SH SK Ag Gls ATA Sd SI & Se aT Tees oft Seed @, fares ast & few 
ik wea arat At dart ait stftren seta The rfepat At sraca etct 21 seaferw 
faa, cares oft sepfet apt Grats At Gea AasTAT Saab refs Perera spr fee Tepe 
ads StS Saal F ot Gand @ sa Set Hl GaS Al, UH ofl a aH SM are eT 
S| BA AIM Hed & fe BTS AST HT As Sih SAN Ves Tass H Hien Sa Tena 
Prep te4 At ferret Gere | 
ay fere axe faa dhe, far sik Het H Ba Tare G Ad B? 
BO feraTE SK TAT Bae iwonder@apu.edu.in % ATA Fe | 
wa ot aeaat 


arate : aca frat 


~) 


feteror : Aral fee ud Arar Radi & 


tue B Paulo 
a at preror onmty aft at 
Ufeeel Tea 


sfeera & 3S 


Hdd eeuit 
Beeondatar ch Sttietey tht 
ate eqetal dei fedscht! 
afaar arert 3h asta seit 
fasta &t wabtencr 
Oe tht doiein 


| HAEMEONA tht Tse 
dan 


fasta 3a A 
Tella Wael 


| @ me 


fase fetare ara uz 


© Aeneas cee or eet cell vedo Mee 


| + finer felensiat 
3 Hiaet 


iccard 
Ga Od si 31g Fel sd & 
aap qeusitat & a a 


Aifeal reprsitaret 


9) dilafdanot feiant cletens eiatoor oT 
ested! (gander eodcro Gap 
” Afctest Yer sik sitar Hea 


4 


HTK ATT (eae) F 

WMT 1.3 ste ay Ged, at 
verre At aret frat ast ater S fe 
aed BU UE-aat H fret me st a 
Re UH SN ale fare seth let ST 
TH Ss SA MHA Heal A UH 
Gaus & ff up ae a aoe de 
Tal SATA Hh AT Gait Seats 
At | ale ga Seat at venrat 8 ofatta 
ferat TAT Sle, aT SeAAT TAH ST 
feare 24 ae wae FaS Ht TAH 
(HaAld HANTS  AAKT A Hl AH) 
wer arith fee sarah 1g atch 
eed, seth died & se fre 4 alg 
venir Gar vet frat | Sacht asa Sey 
STATA (tees) F erfeaereft 


aot Far cat, ST TecaTHMT TET eet S 


al 
geet ot Ft aut 14 ferarae 2015 FM, 
1.3 she vers ast At ae ae 
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are weet) ataftet F cise sectheiien 
Naeaa dor stored (frm) q at 
Qt MA START FT STHTT-AAT A Sst 
ST A GAT Sl THST Tat Age AT 12 
TAT 2016 al Fa Elst AY aT at aT 
Fe Sra Al HTT FH sie set 
aot at Gar fear) Ath tena 7 Sea 
Of “SANS BURG elt 1g eae” 
waa fear | aarant a hl F fare aReaear 
al Tet SC THT AT IS Tat SATIS ATA 
ffard Gat wt are felfefach 
off firacht afecrareft sieaé aréedta 4 
Barth BT NAT Uh Al Teel, SA 
TrEcaT aN Mest raid Fh Usp aPOTA 
wo Haat ct off | 


Thcaihel dey 


TecaHeast det ar sifeaca Sar ssc 
HTH Utara frgrat (1915) & HS 
aad Tears Freaet Fa UH es seas 
UAH AEM FS Uh A SM Sea 
Sa ETAT ar PSA, Tea sar 


STSAA-1 : TOCATEHYUT Gh SATLUT STAATRT GAT HeHTA 


ae faa renee & fears at afenyesh Sst St USl SAMAK Last 
Soret a aa oH a oranda Ha aaa 81 eel os oreore ga 
srreprercera 3 ferava aBt iter aa sar Sar B Perea Pret a sie Bers 3 
ora At wae wret at wp eet Lar set te se | fle ATL HT TeRTRT, Teta 
site ata & afta At aaa SA at are art AAT 2, Sane ae STITH 
& feast 4 ah Sat z, freee wersen ot A acta 2a arefi feafer iret 
fae ore 81 Pare at ar st separ eet Ss sh 35 ore a apie see aaa 
Paral faery (PTT 1. 75/3600 Saft aan) Serr | Saree, aa & aad asics 
fora adi ft etre ea arett feeafer Beare seer forever Sar 3 


ae aaa adie a 2 ST St ea 
STAST S | Fa fea Hh STAT, HHS 
oft festa favs (aT Sait & BT 
wy, oa fee farera aratchte faferen) 
Sa AO sh sreH-aHsT A 
asa Val HL SAT S| STTEHTT-AT 
ol SA Ash HT ATA LAT SST 
Teast, sit fret Bore sreHTT-aaT 
A oteft Var 4 aft ara 2, feet 


fame firs & fiche ad 
WaT eI 


3a Wa al Gas Gee Beant 
fafest wnat date, sak 
Ufster hae, 1919 & yor aaa 
& RM frat WaT AT | ART Sh WATT 
oh Shlea  ART H oh Asath 
fear ait Hera ara art fea, 
SAAT aredetee Het feet At Te 


atera-2 : afte Rafe Petr soreft wettact 
Urstterter RecA) TAT WHcATHGUT oh SATO 


Bee Ca eee 
a Tet Savet Al Up Stace ae stranica Slat 
@, freak fare yeah Use aa fates car oT UT | 
sume thage andtchr a are fratita ae are 
TET, afsat ‘at %, ait a save fea ore 
ftaft sik aaa at var aa wa Safe a 
Uc ef GAS Wt HH-G_AH UN Sel G Ghd WT 
Sl, A Sa Tare Ht area ara Set SAT STAT HA 
ey, ged oe aot Pasta Peer Ft veray ae 
Gerd 1 aHe at ar feet aes ot grt fear 
wT aha | sitive Al gee S ea 10 Alar am AT 
Maa At AAT ces yeMtT OK ore Reenter ar AUT 
al Ua eI 

OT, AT AAA oh SAU TR CATAHIT H Sh 
eft ax tat | Sach UROTARawe, SoS Hh sfiex 
feert ast St Tera H, Get AT aS oe Rat ett 
a at ofafer cea 3 ArgHldanvs fos sett | 
Tt at fe Ge aaa sae HUT satel @ fara GAS 
STAT AT 10 Htet St Lt Ga HAA HF CHAT | SA RS 
sfivftwer 3 eae TEU ay aT Sra at areett 
feafe ar wet Peter aes & fae ge wan ws 
Al Aad Tora A Met SAT SAT eI 


(Senses 


Se Ub ich & at Sas ater & feared + 
Sant chen staat A wast at fora 2 | 
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H aaa ms off, sik ufSteq 3 ore fe 
ae Feed seeds Ft afasararoft 
ATS A (ATRA-1 BA) | HTSESTA ST 
fart ae Fiend off orn peat 2 fe 
Rca TAT HL Ash TAT SAT, 
Siata Graft Frsrrernia fave > Pane 
aaa stared felt ait S aera 
21 38 Wa Hl WaT a hat sah 
welt wears AR warner 
& aden F fear sat @, afea 
afaa Rafe eater sorrel cota 
astterfit faces) at sitive ar oft 
dim S HH ae & few sa yaa HY 
Surfed Het Al shad ett & ate 
22a)! 

fret wecarest fives  atex & 
STHIT-AAT A SA are asmat at 
Wat Sa fos & sT4H (aT Sail) 
TAT Se at Te PAT HUB | SATALTT 
op fee, weal & SIA h HN Sy 


aret Sreere-aaa Al asa AcIaT 
ay edt @, cfr fer ft attr 
G FA HA ae soa, wa fe 
sftitae, ar st erat ar stat ToTAT 
H MPT HAT Gea S| Sach feat, 
Se fer sete Stet SK AEM ART 
Tae Tet TS AAT F SH aTeft 
AshA Al SAT A Gea e | faery 
ant & sata a Sat eA 
(Sel SASHT ATPL SIT TH STAT B) 
TECHN Sh SRT Sah Pa! Ss F 
oth Bet & fifa et ft ster Ft 
aid @1 Serer FH ferw, sas Eel 
WIR FAIA Ale UH seth Stet Ft 
fsa fr pe freittier Ft etct @ 
(Starter are ae fee aS Al FSA PTT 
700,000 fercttatex 2) | 


Ta Uh Acai FIA Aret MT 
fos & aT A cat ela 2, Ta ae 7 


STRA-3 2 CH FETAL HT STANT HAA EU THAT TET Ht TSA 


Uh Hishead getheet FH, UH se 
feuds at fetid ath se et 
aad (sikaittaet) asst A Ast 


fear ara @, fare fee at atu & ent 
Wdldd ath fat & Galfra Sy fear 
aT z | 
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HAA STHIT-AAS Fi shat Hl SAH 
TH AT ATT HLT ASL UAT 
%, afem sa ama F Wa Hea Yar 
FM f Sl SIA Gla FT Beat Sa 
aret Al ae Gena ld S| Sa ME a 
TecaTenst GAT BH Yer Mts AL Misra 
aaa Ho & COT hearer 
ferefa Besrchta TaN a SIT Sy 
aM et edt @| wh ae ae 2 fF 
TRAM TA Sh Act A AS HEI 
tad arenas Ht santas STAT 
Fete el 

cass aera ah aa SiHeot Ft 
Wre-Wsdiet BA H ERA 1916 F 
asedy 3 ora fee sah WS aftredia 
Bett At Bearer oft SY yep Al Are 
BESO Het areAl TecaeHyy ETT Ht 
Preatta aed 21 aed, irda wo a 
GEIS SF Teas Hr arediah afew 
Gan A als afedea @ a sel, Fe aa 


Sey F, stat strait Ft crag al SA 

are orafterc fepar stat @ fee etat feacor 

US Uh-gaR a fere feaareicHeh Ta 
al FI atd & (faa F as A) 
Sel Wah TecaTeHsT GT FerHertex 
da & crsad wth, at ae Uh 
spar abt eras at aT arf, at cet 
aft at ras ate ae | hae 
TAT Ht aet Ua arate fais 
@, Safae ae Wada Sat ystsit A 
ya % oes H aon Fa 
aret aaa Fw arta sta ter 
at am | fx STAT SenTRT UsiT ob afte 
SM are gethee afore verre Ft 
aifer 4 oftada ax amr fared ae HIeI- 
fScaex Hl SEAT eA HUH ST ST Ge 
al 


1950 & aah ah faararede At tet | 
te af eh sme wa cag ste FT 
SA BRAT Te ST HT | AT AA, 
1950 Ht 1960 & axrat F Bu aea-At 
Called Me Het 4 ae carta fear 
fee Tecate GOTT car aTeTSa A witht 
HAT STA Sl Se gH FT, TEI 
HS fra Perhls Tet at aes | aft 
SA Gla S Gat Hr el ot ST Heap 
@1 ft, 1975 F, We eee AT a 
cen A tfeat Vani set UH asa 
qear facen ft wats At) ge da we 
at et a & GAT S ST ATT 8 
Bal oh AAT A UH-SaE AT OAT 
S| ale ae da Tease Te 
apr fafencor Ht Tet 2, Gt Sal & aa 
oh PROT SAcht UitsHaT At spate att 
Feat afer) Be ast dH fear mT 
Usat Sart ar saat aad BU ST 
Aras pu Te Se OPHAT rer A Uh 
aera set eeig Sit cartes aera 
At safera afasrareft S unen acta 
Ba a Fat Gre ot | ae ga fara Ft 
wah sectada fasrr off, fared fend 
oft ate HOt sa aaa HI earfta He 
feat fer tecatenet ae arecterce ze | 
So Sead Tea At Gls & far west 
aM cet HI 1993 ar fener FT 
aelet GRE aA fea TAT | 

aT Hl THSAT 

HTT Se TE BHT eT Ses AL ASAT 
aM arett Tecareest er HT area 
Serr vel fora S| ATS USAT 
Tait & fret area + aaent HY 
Tet STF TEATS ETT aT TaTUT 
at Ot At Geta ae Tet ETS 
fran ae & fee tite frat 


Qslham wat + eufar fa 


Sats Sara & AA SHOT Ht STa-TSaT eT HU H SNA 1916 F asec 
+ Ura fee Sach US aorta weit At Gearaar oft St verre HY ater S PAT 
ae are Tecarenst TAT Bl Pralte Hed Ff) Wed, Tra wT S ae Sr 
Pera Fr aedtaw aft dan F as aftaca @ a sel, ae ara 1950 
ah ah faararre at tet | Ca ft Se sae Wa eat STE Al SAH 
srferca OK USS SM CHT! TE AHL, 1950 Bie 1960 & earl F BU sed-A 
Salieran Rite ars + ae cerrftret fener fe wTecarenyt cet ar arta H ster 


arftaca ear 2 | 


seats dia an & fact eet aret 
fate 30H ate Ge faust & are 
get aft wmefia afte ean 
Tecarenyt cot ar Fat aed S fare 
aeafad BTS yest ot a few me 
Wat HW GHST aT Maa *1 face 
SAM Tet AR Bl Sah Sfraqaret 
Hl Sed SA Ue aR SMT, Seth BIC 
& aTgatt faeen a ag aK, asia 
ait (Hetfaente) scale tal Tearsat 
SAT F MT S | SAH ATA, FA 
aot Set gearatt ar afeaca SA 
Gat Hote ot asta Serotle ater | 
TRcHTEAST TET A Tense ch MTA Te 
ware 1960 & ae F A sey a 
Te Y, fad ares dat 3 Wa aR 
fSeaett ar saat fart atl a, ae 
Da Set CS SeCHC Te HT START 
TRH AT HT TESA Act UAT 
ey Foe & fran 4 sa Tare HT 
sled Ars fear | 


AU AAS TSA LAT Tre Tea 
Tet Bl Sree At asa A sag 
are oe fale fapicar ht ate GET 
SH MHA S| A ST IS FT SATHIT HY 
fend edt S ST fer Sare_s1e hci 
Ht fagrsat Vtctt S| St Te SAT 
TaR-Me Al Tel HT Gear Hep Yeat 
Al MT Sarl Ar ferrrSat e, Bet 
TT Tea AT sate UT” sh 
Uh WTR ATT Bl AVSTHR Feit 


(sierra) oh BF ferent att (faa 
sae fee Tecarenet cent a art tat At 
me saree Set fern frre @o 
a SEA, Hale aot a aor Ft 
fea ch tatad etc @) | aet ae TET 
Te S St TRCATHT TAT Sl Tas 
fet tisk gether al UH atest 
START SATA S (ATHRA-3 SE) | 

gered wer Geanlta aate 
@ feat otfasen sted ad 
& afeas ah 4 ead Wished 4 
feat a) WecaeHs qeTt Hl TSA 
Sh STO Ht TS SAAT SEAT ALA 
Hamer ae sidt & fer Tecate 
TTT oh IS & HTS HST SA 
crag Gat et atett ferphcat wer 
EK Ht Vtet S| sare & ferw, SAX 
USTe ch Uh ATHILPTT AHS (ATR) 
Ot (AM) H at Ae ART & facta 
FMT sechetet Hl ysl Ft 
craTS HTT 107! Het HT ed Vt 
aan aftads etm! SaenT Aaeta @ fee 
Sa ea Hl USA & few ea aes 
F107! Flex fat wen aad ar 
aaa Al Alacra eet | salary, Fe 
omg Sts At ret Aa @ fee TrecareHsh 
at Al Tasat Ua Hier Se 21 
a GAST AA HT UH ae 
Wa gether Hr Sedna HAT 2 
fraeht asTstt at CT, STATE AST 
OR Safi St aves 1 Alex Sh STMT 
Hl AIA TSA SAAT VT, Tet Rca AHAT 
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TTT Srey STAT at FATS F Bat 
@M ae ay oftads oft Sarer SPT | 
seitery, wecarenst deit al tensd 
ae ATP ATE FeTHUATNT 
fetter & tart atet etd S| Wd, 
aH fix off Sacht aoneit At ceare 
F108 Flex frat gen aRadat ar 
AMAT Usa & - a fe Sra A Us 
qe area & A} aed ler a 
Saad Sethu leat HY Weprar Ht 
Tqe an saan faa a 
ota bt att at amd & fore fftia 
frat sire @, ferent Ader @ fee Sat 
areas & tar saa ft at ateft 
veprst at aot Ar crags (OTSA) 
 AGST Sle S |, Poet is seri 
Fee Wd & Heeawy, Tecan 
att at vast area arate Sr, 
gavipiteies & Fae’ aneh wept Fi 
ame He atet Ben ahadat ar 
THs, Fa Trees bh rel Tan 
Sat (MTT 10°? Alex) ar oft are 
adel 

Slee Uh secpenfier Sah at H 
aaa St atett Tecarenet qe 
oft wae sitter ddeagfict eta 2, 
Ted ae TT at sy fexrsit F 
AM ale Ghat & fee oft Gaeta 
Slat S| ae Var Uetar Mat S St fe 
FEAST HAL ATT S SAF Tet Haba 
cl US Hehe V1 Ae Uh Heal aa 
(clan) & fier eta @ fret 
fear fare aie at StreprerrT at Seat 
Hh fae STAT H Us Ble-S rT Ht 
a at wat wt aad 21 we aK, 
Baa Fe fagrgral SH Heo Vt UAT HT 
START Bl TL SATEHTRT SST TATU THA 
oft aferen eet | eg cat Bile, Fae 
aro, wp a Uda ar ST 
Ot, Ghat & ala at fees ar var 
wat fsa Bt Se 21 FAH TSA, 


apie BTS SIA-SAAT CATAL AE 
TH Ghat Hl TSA aTet STEHT S 
OTe Siaanihtat at catfsra eh Slt 
ot Rahs BI TAT PTT STAT B | Lee 
TCT TAT THAT Al ATT FAT 
aidt &, sahere waved & far 
TUT We eT fSeaatt aH Bhat H 
Teast HOM Tet AT-BAT AAT 
& Shs ST A Bh sree A ala 
at feafa at fac a fafa ae Ft 
afer cat S| TS Fa Mt eS Ste fee UH 
See] AIT RHR HT TAT SaAL eas 
& AG SMT deh West FT Act 
GHA & ATM WL MMA @1 SAS BES 
eqs et stat @ fe fat feeaert 
afta ft att frat otf ett sat 
at Sarat ae & feet pecareH at AAT 
& ala at fearta at Preatfte fear at 
Tha S| Sa Sead F, aca HUH oh 
aaa (tead|eth at earftas HA 
Hl ACA AIST, Tecan eT 
fecaett & Hisar areata dsttet F 
Uh Haag avant Sth fe efter 
shear & fee Fat Ta CIM, FLAT 
ak a FA fiera adara fered 
& art ath om fea 8 salae ae 
recarant ait & adi aft street Hi 
feof #1 fasted ey Bl adtnen i 
FST TA HK ST | 

WenvS cl Sea ahi UH as “Shae” 
TRcAHTHA AAT Hl TeHSA Act FILME 
gethiintices feced YHVSeT oh Ay 
AeA Tat we fafa few aT 
él 

away Hot te ct feeaet F ftroct 
we amt H fee me as safagtter 
ahadat & wereren fearax 2015 
G Ser Hrbt deat Haaasiteray HF 
OT HA AAT se ae fear 21 
UH-GHR S ATA 3000 feneitetter ct 
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att at Red St eet Sreareaitee oft 
feeqext 4 14 faaret 2015 FI SAH 
al Uehd VST] SAG UTA AipSt 
mraartigas: fag re ferret & aa 
eon fh ae Gad Ua at ferte seth 
alee & are F fees F SIH ESAT 
OT St Fat SF ATT 1.3 ALT WRT 
ae XA Tecareneh ait BT Teret 
BT SF Ths HI Tec SATE SI 
AAA, FE a StH Bea Tet STA 
aa At oft cect als 21 a ote Slt 
Meawiat & set seit da ta 
Te ates are seth BIC 
Al ert ¥ sectatta wa sree 
farnernrs & - aed A, SaaS Wea 
oeteh Stet SAN BS AL Tea A TAT 
30 Tat stfeteh STAT ATA AT! Saree 
ferera + dis eat & SeoHTA BIT 
Sat (E = 3 Mc?) Yar At ST UH 
ari Ho yecateayt aat a fate 
BT Hf Seafsid Vt Ws, frac Seas 
& NM See AA Ut HK 10° ate 
Al WM! Fe Aa sla & art Heft aft 
agt né wae wife ate Fear 
oft| sae are 26 fearax 2015 at 
fRL, seth Bes H UH ary faces a 
STA Usb, TERT Heh THST MAT | SI SS 
Te Gebel AL St FH STA UK ARTA 
438 SqAM wT @ fH SF ate 
ast HF sete Blea & agatt dat & 
BIT Sceatste Tecan TTT ST VaTUT 
area fea ST ASAT | 


wettest ar sfdera, frerrart 
Beat S wel ey HAT Wed HUT 
Bl Sree Ga Bl sy aaah S 
cad By, Hefiferat +t ear fee ora 
amt ft asa & us uNasif sik 
wen Meare fies a Al arom 
a aed fat (area F oe aS UT 
Se Tet fame eet F wT est 


a) Us ima) At at asa Ft 
we fafa Here (thst) Stet S, SH 
geettt (et) HART Be Seah 
some aftomer at we ot | aa a, Yat, 
Tigalad, sts, eelarcte, Ure- 
YX Far TTR Sree eeaRiat 4 
anireiferars ar fear ferea arate 
aoa At ager tek atett areal 
am at fear @, AK Sa VaR FAS 


wl cea & feu fats Rasferat alert 
a& @| sas fect ceifere DH aar 
ae Serott  aterfaat car Ue 
aay areal aa thar fear 8 at fare 
arabia ata & goin fer Bi afte, 
fini 3 Servite srrenfea ariterfeara 
Ht was ay War al ater fear z - 
TecaTHat Te a SAH TeaoT STA 
achat at strahrat Gt ST Tet TAL 


(sifsar aus) F ardt S| gat we, 
TRcaae TA SST Gea UH 
VaR F sas Hl Sat At sar 
HAUS Al GAT SAT SATET BBA HE 
aoa & fh Tecan ait awit a 
arireafrara at wee sie tet Bfeaa” 
Dar at & rah SN TAS Hl ST 
Sl Aha S| 


Ale: cea & xfita Ft qe H gedaret flaw me faa & few Sak : Caltech/MIT/LIGO Lab. URL: https://www.ligo.caltech.edu/image/ 
ligo20150731c. License: Available for public use. 


Further reading 


1. Bernard F Schutz, Gravity from the Ground Up: An Introductory Guide 4. 
to Gravity and General Relativity, Cambridge University Press (2003). 


URL: http://www.gravityfromthegroundup.org/ 


2. Kip S Thorne, Black Holes & Time Warps - Einstein's Outrageous Legacy, 


W. W. Norton & Company (1995). 


3. Web resources on gravitational waves 
https://www.ligo.caltech.edu/page/learn-more. 


Resources for students, teachers and the public: 
http://ligo.org/public.php. 


5. Web portal on General Relativity and its applications: 


http://www.einstein-online.info/ 


GATT Bate Cel Ae STAI TEI, Tee Sree Sealiecten fers Shes H sitfcrenerrett ch Wo H PTACT 


Bla cit arglefthen Tosa ch Gas HS | SAS ajjith@icts.res.in WAPI (HA TT AHA S| AaTS : Hea HraTSt 
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Btch Wet (Fare Tareh) 
aS? Ba ha WTA 
= fm saent athtacat 
@? Ge Hel WaT Arar 
@? Fe oer Va Garett 
Al Ba HAT, 
ain fearat 2 fe fea 
Tea selves cht waar 
farte dtaratatl 
AeA A SA Tarel 
Waa Ble Teal & a 
FHS AAS WT 
Slat S| 


fe eH sas HI Sah Ga 

ae a eH ta atm fous feds 

ST Ve Seahsid HU S| FAH 
CTS SALT SH TA TS AL Sl SAH 
AearaT Sas he & facts THR 
aed St Fare Be wera fives | 
St att al aleh BT SF THA aT 
pt ATA Tare HET ATA SI 


Tet Fas F at cst Ver scatsia 
aal Gedt| gah Serectt A At yet 
ated at west att Te ft mfr 
1 Ue feel at Braise WI S Sth Het 
HET Sa S| A AVSe A TST ATST-AT 
Sh AS - ACTS, AS (WERTTS), 
Teo at HIMZ) sile feat sah 
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SOI sl haat 0.14 ofaara feear ed z1 
fox et Sth Bex Ft faen sat Het afer, 
ak wat ge ae ar fase ear afer? 
SAAT BIT AS v fer AEH SANUS oh TAT 
Gad BY, SANT GK AVSe TH FST Get S, TK 
UK We Sate Hy ART TH BT sed 
Ol Sth Here | 


Breh Hex cal Veront Ht UeASAT 


SF at H facdat Tat He SF vec, ST se 
Wl UH ASK Stet fee Sth Hex Hl Ha TEAM 
AMAT S| TetThss TS frat Gat He Ht Sac 
BMT Wald TS oh Te a rT feb Ahh 
Hat @ et fear ¢ sit s, Wed SH afer 
ah fst ai eas Hae fare aaa set HTH | 


faa-1: 


Source: Adam Evans, Wikimedia Commons. License: CC-BY. URL: https://en.wikipedia.org/wiki/File:Andromeda_Galaxy_(with_h-alpha).jpg. 


weer sree Acta) ar eter et F feta var wap Fa 


BK BH Sth Het Hl aA HT UH 
ater ae @ freer sare settectt 
aat F ae (Tea) AT Gls Ft 
fafer 4 facta @| Sa aaa ster 
(ara) Ft afceat sat F eet mE 
aiaftraarsit 4 fire frat fe sa we 
ut tar tecareast fears TS LET aT 
fare SHS Tet ST Beha AT - ATAY, 
ae feet Ua Te oh caret ot fare Tat 
AH GT Tel TAT AT | SAAT ATTA 
feafe & astdter at, fax 1846 F oer 
al axeatt (cherenty) & ar ats feat 
TAT | GA sat Hag Aly vs TERT 
SeaST TS HLA S, Ta Ht SAH SAT 
Set SA TecaTERST aT a ALL 
set Saat FT ATA ATT ST 
Ge S| leh ECAH ASAT B, 
SAAC FS AEMTSAT B fos SRT Te 
Sih Hex, At aha & fat Sarat a 
fea 3, ft tas qecateet watal 
SRO ST Htseeth car USAT eALAT 
THA e | 

ST Hex ar sifeetes Sts Bh TATU At 


omrefi wet ea altar (KAIST) 
aerrimsit a fieadt 21 ert 
fieft J streprerim wa after 
SHIFT S! st tet a weer 
sreprrin ft 2, fret wy 31 aT 
& oft Stat Stat @, ste fare after 
apse Fera-1 F fetarg ¢ tet S| Star fer 
Ba oe wad € Fe SrHrrT aT 
odie etd @ fra bala det & aTa- 
OTe ait het SUS, ST Sah hex A UH 
Sun sar fifta ae ed S1 saferrie 
aftcrar srarerin sat ae at 
fears ect S| 

He sa Wah Ve aA Aa 
21 feet sari A fera ay, 
STIS ch hes HT AH ATA 
Gh, Uh-gat Wt Tecarenet Rerara 
STATS | ASA HT TRAIT cor FTA 
BH Saht TTA ser Hl Afar Sar S 
fee feredt ant & arent aT Ft aT 
Shes G Secht att oe Fake Hed S| TH 
Ala TOT ae eaTicht & fer ex S att 
IG Hh AY at h ae AIM Ft 


STea-1 : Seth Slot FAT Sta S? 


sah Slat Ardler A Up UAT La 
ala @ Tet TecaTeHee Rata Se 
wpa Ste @ fee Sat A WIT 
aft arex aét act aaa! tar 
Tecarenst firart Sa ART Slat 
2 waite aaa vert un did 
dt ome ff oa mean ater 31 ae at 
a and @ aa fret at a saa 
BATA Sl LET SAT e | SAT Ales SAA 
a alg var vel fat arc, 
Safa AMT seth Blea Bl Sea et 
Und - Fo Hea ted SI 


are Fedt sre S (SARK AR AVS 
ana dt fan ach oe - ae hae FT 
We Fa aa & AN SK asi-F 47.87 
frcttiey Gaus At ae F aa 
wat %, Safes geor eftt-eft 5.43 
fretHtevachvs oft ret G AAT z) | 
3a THR, SF area 4 ae aT Gand 
é f& area Al Seer, Fa 
fe Ur 31, Fan feet asa saat 
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aterea-2: afrerrera rahetach) : Heo gent F 1970 & ears 
4 Gara fear fee soph HU Ag GST Sl Ghd @, fre STATA HE 
aera 2, SAN SH ASST SATS HUTT HT AEST US ST HUTT a StS TC 
2 face arvtt ae Gitar vel Saar 2 | Serer > fare sara, forerenr ATs 
(fea) StTeT Bre 2, a ta aU sian at were Pree ae = ah 
avi aur sitctardt ar age are Sa SrA ST aes ort cep aeUTT SA 
are ceuat 4 & fear vet feu @| afe ea ae Mises Hl ATT TeTHT 
Say siftaera cl aarfed Hed z, a es wa oiteg fred é fad aa 
TH SAG Te-S HUT Vt w, Fos fereg por sft ATPeer Ted S| 


THT TS Sl WT, UH 31 4, SA MS 
At Gagl A ARPT A UA 
face Ret od eat oirdt 1 at 
au arerenim 3 arett fait Ay aie 
aed € at at & Sa I Fl AeA 
aH ee & aaa fear att tect 2 | 


ge faecal aaa & at ope at 
& | Tse Ah ae fee et HT TRCATRT 
al fae SHEP Tst Vat a 
oH Fel HUA | Mel HS aah AM 
@ fm sa aoe a eet sett fear a a 


Fera-2. : Bla aereen Al Ue afeafera TAK | 
Source: NASA / JPL-Caltech / L. Jenkins (GSFC), Wikimedia Commons. License: Public Domain. 
URL: https://commons.wikimedia.org/wiki/File:Ssc2007-10a1 jpg. 


fife @, cent Se Cha A BA Se ITT 
TAT aT AST HT | MATT FT TET 
TEM S FS AAR ACT fe Aer FT 
Pe TT STH LATS, TT ATR ATT 
Hl Hel SAM SAA FATT TA BI 
& faatta teat & feast fe ae wetter 
Sle Vl SAH AAA, STH FT 
SOTA SaH Rare TT ch Set FATA 
a ged ste weld Sta S| <a ects 
Ff, SHIP Sch Fat | ut ett S| 
Sa ad al Ua fase ath S sa 
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THR Hel A Gaal & fe, fears a4 
atedt aeandt & StaTaT, SATHIRPTT ST 
Uh Sel (SUNT ANT IK he 
THAT aT ext) Hi Slat S A ATT SA 
TAA HALAL MATA Slr e | 


AG FA H Gale SS Gena z fe FAT 
WS Fa NSA STHTSP TTS a 
araet Hoh APT Seth) Stet Heal 
var ft SreHerrnet - seer 
(sfaterat) sararrinet - F art 
At are & ara & oft wa set frend 
Te ead & fer SaerepieT STATE 
sr Het Go wet Be sl Sa sett 
areargrim, fecht 4, & fre ae Te 
STH exild @ fer Sach Het FTA 
FT 80% BX Mas Fel Th Sl Gana 
@ fh AS 95% Bl - Sh Her} Veil H 
Saye 


— wa i a ee a ee 
rT rT T ch eetl A Sich He 
AcAL A SIch Y ‘J 


STAIR ~~ Woh tex Ft 
wepfa dtp-dim fea sar at etc 2? 
ae ware ott ft srracren 31 UH 
GEM Fe @ fh Ge Sct, Fel Fa a 
faost ar at & ferent SAT Stat @ ST 
ont ot fifta ert cbt ofsrar & SK 
TS Sl Seth Sle UH AT GET E | 


we fare writeitfecitar wear 
eat faust fa teelftefifrr 
arte teil sitestaee) at Arat 
(aattat at ta afta ara caat 
SST TAT @) UH Grea fagryar 
aldt @ fe a “area Garel & aA eld 
@| Ser fee Sa Sad S Bra Tare 
afrardt Sa G veri, eri sik 
scaert & fretent sar stat @, fat 
scaerd at SAT Wea ait At 
Te F aed Se Slt S| Mets aa 
UST Web FARTS Sea ch TITRE SUT 
aa & fae Shale wet ara & ae 
tie sree afte a Frenert & fran are 


Bla S AR), SAAT ATA Fateh sr 
Sah Gere He Say S| Stet, ale 
dedfad Aral aa & a fos tala 
Gert & A Del FS SM at a AH 
Ost Tet aR H Vea al aad 
wey | ale VAT AAT ST Meat S fee 
eae SreTPTT Ara Faust GL ey 
&, A Se SA aRiat S fearg ear 
TSE | Ted, Ses hss FH fer fans 
wa @ fifa fora 7a ware Ss SS TA 
HY AAHA W S| SAH Seay AK aft 
HA AH EU SS, SA SA ASHT Het 
ftrarent Peay et Penerar é fee arat 
favs, afe aren 4 srent atftaca 2 off 
aT, SATE ATHEET Bh ROTA A TST 
OSTA Aras Et Sa S| 


URUTAESY, BH Fa stated Peps 
TR Tedd & feb STIRPPTISA AT STeh 
Rex, BAN GN Sa Hh Sh FAL | 
fercteaet tert, fore SATE Te 
HUT HT TAT SlAT S) FAH WeaTfart 
safieant F usp caedter soft asi 
oneaitas startet aest ater ferret 
spurt (claret getter Atta orien 
a fart - ae oft aarfiet & ant 
TST TAT Wah SH ATA @) AAT S| Meat 
aan =e Sl Tea H my TAT Tet 
fara ao aga 4 aasik aA 
Fat AR WRcaHIT & Area a 
sara att S| HOT fehl ATA 
wfarST (Standard Model of particle 
physics) ft 1983 H Soel_ FA 
aut at Tarst S Mat 2012 F fea 
SET HUT Al GST ah AA AHA 
fread tét 2, F SF AU ER HTT 
& fore aig sre vet 21 safer afe 
AHIMA Se TEI Se TH [TET 
spurt & freraet SAS, at Hor safer 
FM Wer UR SAT SUT | AR 
& Se BA Hl Fed Utah sas ate 
wat aft faa sik ofa qen & 


ata ert Are Fe Wet B - UH BK 
STRIPPTIS Sh SA S HT STATE 
aA We anal yerrst as ar ela 
@ AN A dha Ud z fH St Te Ft 
feat O oft ote Gat WO ae 
are atfacnsira & raat & aie F ft 
S Ge Ft spect 2 | erased aT eS 
@ fer Sarhecten ferret ff, qobrar 
ft art a, Fe Gara ed te s 
SA AM Waed & SPT SA Al SECT 
@| <a aed Fw aah aon 
srfrerreran cama) Ft 2, ai 
afeareda art ofaeq canta 
wy fara Hot AT ak at ad S| 
ATHENA oh MAST A Ses Hee 
&, Wed fee ft a wavs Ft wae 
fate raat set ect) saferenier 
THR Ue wet (aeteH) 
Hy edt & fas 100 & aeaee 1000 
Seri dh sh oReaiaH 
TRcATHIT SRT sel} Se tet Sl Fat 
feat & Sars Fea sh ERT SA Tet 
Sd & - Uh AAT FAR HT STAN 
182 aS VHT asi a ala 2 
faa-2 HM Fae at aia 2 
THAT HH 32 FNS VHT TT eB | 
rivat thea ad atder ear a 
alent et fous area HU STIS PT 
%, fad SA WU ae aT Sea 
oft siftrp an eta é | 


HS TRAN SAT Se ATE A TEAL 
safer HT Atel fost a firetax 
oat alg Uta Fed cst UAT a 
sities A St, TT SA SAAT GA S fp 
Sah Bacal At aft ae Ht tha 
aut pater seat eae Ht ett fart 
SrA Srashat Ht Sal Vr S | aTETST 
4, ae fear ot aan 2 fe stat 
Thats Sol (Hiedfes Uasih) afar 


q sted fafa seat archaea 
tasif) At aeat set eet B1 ae 
Heerad HSH He fect AT St 
Ae Sad S| SteHigT FeTeNe HF ASS 
Sree ster AF Het sfery 
ahs afe ae ota atch S 1 a te 
TH BT CAT SA Sh BNO HT STAT 
we ferar SPT | TecaTeHee raat 
HET Ae Te eA HF feraiea Tact S 
- GAT A he Tl AS Sth Hers | TTT 
4, Fe Wed Sth Het Gad vect faa 
wees Brest farcht RT sed 
Geet 1933 F Sel HAT Fee Hh SAH 
aera & freafiet F sedate fear 
TT Tat at, freebt stefan aealie 
aut fira2 i ach Ratt ge fond 
UC eel feb SA ACER HT SATA SAH 
Fife StreRTePTTISH ch ROAATAT Bh Set 
ANTS 400 Tat afer I, St ae eta 
OT fer Fe FCReK FATE SH Het S 
Tae FAT SST AT SAT SATE 
STAM SIE PS HHS, Ted fax aft 
a FE AT sa @ fp SA WH 
ATH FALL Ah eT KITA ST 
90% Sich Bex Hl AMAA Bra S| 
feet 


ae dt eae @ feb alee Sich Het BAT 
sas F sat face Gat a ter 
Bo @, Sa SAT Tact AMSAT 
@ fe ae aa &T A sas (ast 
Gea sik ary St Sac faces) At 
eat ana fia att 4 Fecal 
afro Fae! sik ge tear et aKa 
@ - wife aa gas salt aT 
asad 4s AMA @ fe Sh Her 4 
save At afta araarart At seat 
Faye yet feng 31 Wt wavs 
come geuftr ar meade Pier 
gen ett (re) a satar BI ae 
ae HTEIONTNGT aie ae} acre 
At CAAT Gat Sater ferenra se iST 
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oh arene fH TES H Her Tash HT 
TTT 85% AMT Sth We H SIA 
Al Bla el 


win sare (rea aR ar ae 
WBYly & agate feafencot abt cen 
CT HT ALA HEAT IT) S MTT BT 
AIG TST BAteHSt SAK TaIS 
4H fifed Sat & ofcart ar fact sa 
War & : ahaa vat 4.9%, Sth 
At 26.8% aM sh tasff (ere 
Sil) 68.3% | Fe STRAT TAT Sa 


arett wdta et Gendt & aif a 
rat com SAAT Te TMT SATS | OK, lh 
Ga Heaqal F AM eft at stax 
Sih Het ak Sth Cast At ora Fact 
%, saleae Sa Td Wt AM eat SIRT S 
feo att ferctpet Stet AS S| 

anist 4, fatter ver ar sth Fax 
sas Fatt && fattest Gar ot et 
EAT TAT Se S| SAT Gea, SH SA 
Ge at, Ste Hex Ft ge spar aT fea 
Sl Wed, Fe scale shatter serel 


G free at wale ore srafter 
F ter gam srlernign Sth Hex Te 
afte ver ar 2@| saht dte- 
dem verfa adars sea or farsa 8, 
aK ae sant ferte At Gas - HaITS 
faa - @t gant ofa gen Ft Gast 
ao wfecht & sitsdt 81 Fe wy Vat 
ard & frat feet 3 a are vec 
aco oft set Ht ert | er arene 
o fh ea WS Wass AAA Ve! 


aftrars rat feceht ferafererera & sitfereet cor entrersitfcreht ferry orearare S| SAT FACT amimukh@gmail.com @| 
arqare : Hed faut 
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Se ee. i ee ee 
Ml SAN UN AVS ch Aer Ut hls BAST GAN F? Sa SAAT Gat Ha GA 


2? Ba saa gat ahel Ueand 2? sa ea A Ahan fear F fe fea ge 
Wrethreht F eter StF oe ata & fahrest cecal + ae Tet (Caattecraz) 
cht Ace Sl saa Waa Ta fear &, Raat we geet Hutt ot set oft | 


fasts =a & gedt & ale et 

& Mae Ft HAST Hs HT BMT S 
TRI feeaT SAT S| SAN SI We da H TEL 
FANS FS St Ve dal Hr safes St GH 
@, Fe SMA aa Geet Aietedt erated F 
Sect & argittee feraleral Sat ch ST sitet At 
1g ft | sat sepa Gat fRearg TR SAT ST 
aH ASS St Gad Y, Sah aT Te Vt SAN 
wel am fe 2a sas sf etl set aR 
frat Sieh HLA SY, Al Bgsteh Aer FT SAAT 
eid apht Bififrar & 1713 4 veered 
Ge & aafeds aT A aN Det Ft six 
SUT HA SU HET AT FH 


aR aa feet Thears sik weet AA 
El Gate Sik Met a et fal SSA St AAT 
21 IR ale RR AR FA NE H AT TA H HH 
BOS Mt Sat ae Hl Tele G Pld BU Bl a 
PR SHt UH GA H MA H AAT ST, ATA 
ak We satere fee Ret ART HVAT Al THI 
off SAR Get A THT Seat SS, SR TA a 
WRIT GER TAL A SATAT @... 1” 

GK WS H Tet H, aT aN De (stat fp 
ATH Be HET GAT V) Hl VA TE H STF 
fof fener Stat @, ST Bel AL aster feet 
Sax ae AL TASHHT SAT V1 Settee aT 
Wel Hl Ca & ats Hy cit A ferw, UA geet 
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ATea-1 : Sicaves HT UH THT 

Far aca wher seta eee cht aera ch fete 1990 H es H RH aa A as He FEST TAT AT | Te Geafaay MATa 
3 anna saan 3 fore Sacre vet ar | crite Sania dteada 3 ga ach AAR HI AMT SST ait ga aaa ar seat 
RRC ART AL Gtr aes Se fore Papa | Sass Ta & UROTTETST GE PSR B1257 + 12 Arata g sit are tse aaa 
THM SU Wel Hl Stace Ht SST SST | 

ery Set Baa, MER Hey tes ch dea Het AaeHT UH StI set A ata fear fh Sesit TAR PSR 1829-10 
Hl TAR CT SE UH AT TS BH GIST foray aT | SARs Urea tenct Srargal 4 Sa St sh Gis HK al He & ferw 
saat 1992 F Acar F Uh sah SH ARIS fra | 

Ue, $A ISH Hh SATA Sl TH Set, ACH SH Aca Aer Set Hl TAT AeA fe SASL GST AES H UHH Het A SH ART ch shh 
Sp aremn Go vera At sem ea Ss sere gE oft | Aan Sara site Sarserdt a orga vests aed ge aca a aa 
eT a sa uel at doch ff ecicnr fora | sat Sanhie aera 3 aaah wre | SHA: SICA Si het HT Aa wet 
Saad ae At ate ae ar a Rar a 

(SF Wl Seal Sr AAS GH Ge ch Boch F fared frat yest oh fore SH eras! Te STE — www.sciencedirect.com/sci- 
ence/article/pii/S13876473 11000418) | 


are forrct ofS Ft st aeht e, 1992 HF det aeet ae SH ATT 
COURS CR CUI CHIC CIRC UE Geo RRC CORCHICC RICE} 
ACS GMT Sa at A UH USK 3 um wat a area ita 
(ASS SAAT BST Uae ATT St SG Wet ht Sst Pobre | Sa ae 
Sarre & RAT Safety ALOT A aT, «= SAT Are, Sa TT STH 
ait fe PSR B1257+ 12a eat Sed TH Be fu Me Sa 
TA OM) HUN SN TH TMT SZ 100 HEA Det AS 70 sr 
3 vat # Sarl gas da aa ae, Gt frarem! 2009 F Seer Te 3 STETPY FH HIT GTA 
faa unter date fee acts ete qeeff At yeond 4 a STAT STI RTF 

aM Ashe Fa Ft us ok Aas aa Hum mia ar 31 
ve al Gis Pare steak st ast elf er Sa araaat 
a FS 51 Peg Ta UH Tiel ae & ant sea afte aranteat fer-1 : wha aed BU UH ae Ht ero H 


HHL AT LET IT | SAH SATA 1996 alfa el & fre sean ear WHAT | TNT, We AVS FH FST Bh es 
aft ofa ata 2] Sat ae Sard SK Sra 
aeea-2 : SAA TUT @ ct Seem WaT “oe Age TTA Slat z, 


aa sad feet Urscta oh UIST AT asia aerdh ee Aleta Al strarst Ht BNI TS OHA ESTA 8 a aE ts fee 

iste “i SRI GEES SISIREa ar act ahaa He TR fora g ade aT asl oe, Sky Network. URL: https:// 

ATE Stet z, ain fiex HAAS UT SF SAL SL LET tet B? SR TATe ATA nightskyjolnasa.qovinews-display.cimaNews_ 

sa cae pl Guat tard, YorIsT UT ST aot ar stata a ara et atett aes ID=682. License: Public domain. 

(At Hat) 3 WH PKA Aa S As SHAT Gl SA eres UH-AUL oh Ast SAT : 

BAMHI a Tw Ade) aataaanhs ga wa ar SEIT se ATT Se 

ait ferica ae & fore aca & fared ait ar arene gectt oe eer wer erst = 

& freme ATS Sled SAT LT TS Sle S, BAN SAH SH SAS TH aA aT ea SAT TTT et al Ha aT eit 

A sraft tt aca A feta waa eae ATE, BATA ze 

wpm abt siften cereal Hr six Tacira aati z, feat te Arg! Het Sra eI Box 2 

Sates SA Astle Bre ST ATL eapTET At HH ToTeeaT at Bile sacra exrie z, a 

BR Oa Sarita ag aH at feat aT SAAT 
: SATS | STS ahs Str ferherat Vtctt 
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& Ak a Aa Del Al Sata ar 
Wa aes CGA H ENT CMT & fe SF ST 
Asa ak sik seacht afafatear ar 
fore Ta setfad axed S| Var safearw 
HT USM @, Piles, HS STATA sr 
DISH, Asa ait ert aR set 
Sumer et & fe a ord wets Set 
Saat Al aA A Gent He ad F | 


Fe SAR A AK Wet Sa Ae 
fread gear aToreeat Gaetan) AAT 
ot ae At aa qecaa FT UH sa 
TAT Saral ete S| TAX Meat A, ate 
Ba AN HVS Hl Hel TF ea MH, CF 
Ba F OTA SM ATet KT 1,000,000,000 
THT HUT St CAT H Tee S TTT 
SAT | We HVT HY AT AHN | Se 
fant, afe em aa ak geet at 
fab 15 vere aati Ft att F a ed 
at ot att wm-aat a 1 fest & tae 
1/3600 & tar & St stent wete ei, 
ST fee TTT UH aret AL Alelg H 
SUL SIA @! SHAT feo SATS SA SATSTT 
a ea wad @, Cat aitataar a feret 
aS Te At Ola Stet HAT SAT et 
ate oar ret Stat e fate fe feet 
Fed IT THT Bld (FAS Tse) & 
aed oe H tse feet Ser At Tet 
aT SPT! 

Sr Gan at (sik ale Saal als rare 
@i, Wt Se) Sa F Sarcht SHAT F 
“aaa” H GAY et few eA sae 
welt Sata setter ft sraca ert 
foreeft for Ba Sas STIS B | BA AAT 
TH, Wet Teh fer US Te aMt Sta, SA 
ada Stettreht ah get ae ferferat 
& arr tae wet At atsertt sar 
STAM Cet TET | SA TANS & Fee 
for Garet sim fafeat ar es ada 
F SoaMT ate & SAT TTA het fear 
TAT S| 


area-3 : Arahat A at We? 

qed er TIAUSTH Se SATSHTNT Sl OTA HT ere Se Sew, Fore HT AK 
BUT feoe Te ATT At Maa Mitre Vt Sel S| Get oh aTeAVSt sh ae feet 
areal at eenttia ea 8 ae are at a a hs orraiter dervit & fare ww 
fier Ha vert aear @, safee age uder anata & fre araern ofa 
ae Arata wre aT BETS at Taz (Gera & fete Fera-2 FT SW) | 


Fera-2 : Meat SAT arate | Tel ATH UH Ba Ht Cres HEA, Fare feat 
FATE ERT ht Tg AeA (ATE SIL) AAT Sse CHE Seal S sraker F eff 1g TEA 
(arg aA) At Ger saris 71g BI aa ara tite fara fos eae FIBA a srevay eA 
are eft m8 aeciie Hi Serer ait oft ears 2B 2 


Source: NASA. URL: https://www.nasa.gov/content/hubbles-first-light. License: Public domain. 


AR Sh ATA TE BH USA Oh SN A AY Mares Ht Sy ATT Ua 


dah 
aT 


— 


faa-3 : Gann & shkra Veror H ust wat! ge fat eaian & fe at Al as A aa 
Oftads Star S AS HS SAS ATA F SAL SAT S| AT HS ATL A ST TAT SATE SAT 
Sa SH Sahl ah H eft-efht arg Hat Sead @, Sit cat aH feet tedh e Set TH Te TN 
Sr Tea @ Sik fet ate Fae stat Het Reh H arte ort sree | 


Credits: SuperWASP, NASA. URL: http://www.superwasp.org/how.htm. License: Public domain. 
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area-4: tat Hr ant! 

AR KIC 8462852 al Sah Ge Satepl A cites aa cat H a AT ES AAT Se S | SAHT AT SHHT UTS Teed SAAT 
HUT Areht Gea AH CHAT CH AAS FH ATT AL IST | SAT AL HT hear Saat + TeaHST oT fra ae st fear fe ae 
ART GAS & Ist SN Ted ch Sed Geshe Se SATA AT | SA AL gh UH Sst TaN + YeMtt G ak Slat GIS Seared AMT 
Hl HOS TA Th UA hAg LAT Ae Sa TATA Hl Mrepless SR S Fer Aet Tada Hl AS TASTY gH ares fret St TT, 
ae SaTfcht TAA fe SACHT HOT STAT CATES (SHE ch VS) Hea arch Cet Arar of fares feet Sara Hea + 
TK Sl Ht HT SSA HLT SH AT SAAT AIT | TT, Gs He Career-eaReaet secHsia(SET] (HHS These Al Gls) F Nt 
a & sa ae a feet Gaal Hl Me He FH VATA H GLO AHN Te eI 


fava att ot ASK TEAT (Radial 
Velocity Tracking) 


Tanta gel at ats fret Ft ae wa 
Fed MH fate S| eater, GAT ATP HT 
Faas dat Fae > saat A saa ws 
STAT (RUAN) AL HT AR AAT Set toe, 
Geet -aa De + Gis & fere fear a | : OGLE-TR-113 
afe unseat et arent oe fase stat 
@ at Ald a He Bah Teco fara % 
PROT AT AT STAT OT AewAT S | AST 
at At ga echt State, fra Set TTS 
& SRT Hae fetch & (atera -2 aa), HT 
STAT Aa Tet aT HAST cat Tess 
ferw fret ST era z | 


gecata Set ta oe of fanaa ve ot -0.05 


frat ° 0.05 0.1 
SH STE ATC SAT ate HT Ses Ferr-4 : oveatferen gran H fers | ge fora Hi fee te aoret fereg auricle 
BST AT AaT AT Se ETAT se a att arch are Ret ait At weet BE ae arene Set sete 
wrentrera fateat et aren ater ofa Gas ata 


fSstda etry at (e4 STA a wad Gag set Credits: ESO. URL: https://www.eso.org/public/news/eso0415/. License: Public domain. 
a 


Pera 5; Sheer ahr emTehany Wag - Fe strrafes (feeetas) 1995 «= Fas-6 : wen Daeoraer cla ahr afer : fre Re SU TT 
ae SGT Te AA Tel Al eT Sate S1 Gls AT eat Hse HT Pree Yeas A er wet Alert ch Genrer cat fern HEAT z, 
ath SMU SAAH SHA TIN He Se HE AT AHF PTT Uh STL ae amen den ft eta 2 Bre are BAS freer Zor are ws 


Tel Al ars Ht aso FT | WeRIRT cht farsa LAT S| 
Credits: NASA. URL: https://www.nasa.gov/content/exoplanet-discoveries. Credits: KIPAC, Kavli Insitute of Particle Physics and Cosmology. 
License: Public domain. URL: http://kipacweb.stanford.edu/research/gravitational_lensing. 


License: Public domain. 
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TEcaTAHT ATSsh rea 
Geet, Uap astaleht AT SAR Uap SAAT THAT ST SATaT Te Rert— AST Tht AL aT TT ecaT AUT Woh Che Al ALS SHUT LAT S SiN HAUT 
are eatin & apes Beret aT Heat fare wm Shera ae Ta | At araftr ae ae fea ak at why at aerate a Sara 


as aX & Tears oy YT ‘coeae W eomes WY oorny Wome. te 
ees |e @\e) 
X Lae NS PF Ae PAS : 
THAT S Tet SspHU ch CRA ae a 


; aah F oftada al Uh Oh F ast fear ST Gera eI 


afe ascteét at &t ofcear act arent alg ve slat @, sik ae 
arsed aera At ater F Sar are @, a Sea RIGA He MTT 
Al Tet oT SK ats aaa & few sala Hl TNT SAT | 


ge aw Te & ART Siete We Up Bide faerae (fers) 
fear & ard? 
Te & PRT 
sd fara] 


fea-7 : urgsnteifein ar facet | vecareest arssnletfert Al cept Se ee ATH ace 8 | 


»~) 
Credits: LCOGT, IFLSCIENCE. URL: https://lco.global/files/spacebook/Gravitational%20Microlensing%20timeline.png. License: Public domain. 


THR G dad 2) ah al HS Ft 

alae ect S| ga dette F a4 aTeft 

St MT Gal He AUST H stu 

fer Geet, Ht ats OM Fl TET Hr 

aat edt a | 

Tretrate (eetateh) 

pirat wm et afer ® Bred 

Teast Hart A Reta al afr. faa-s: vetfeat At aedit har ge fas ed ds Del - ST HR8799b, c TUT d Hectld &, 
a-siftrn eens yar & Pratiea ae SAC SH aT TH St A AL OR HAT HAM S SAT ATT HR8799 @ - AMT VI Aled TTT HT 


ar Ha Ba 31 ae fe ea ws aerate | are Sa ears Oe fer 8 fred “Xx” SF aarlar ra 8 | dat De, sit geeafa aaa ta 


aM A ad @, We SAT ROTA seeafa G ot safe AAT aT S| 
aT z, fret We aft oF fee fa sae at Credits: NASA/JPL-Caltech/Palomar Observatory. URL: http://www.nasa.gov/topics/universe/features/ 


exoplanet20100414-a.html. License: Public domain. 
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F atest Saree ter ax eet S1 Fe 
STATS ATH H Se TL at Rarer 
Hyer sacra Fl aE We Stet SI 
af ae feate oftads sect gen erat 
@, AAU SF Ted Sea Tela G SA 
ATT Tet Tike STL Al SECT 
let S| Get Hr s fe A Det 
Ht Satta Ft se fae & ERT 2009 
ah US Tet Ht ST TAT ait | 


wamreafafa zt 2013 4 wera fae 
am sa ata ete set + aT 
ame eater deren at fas wT 
a Mean & sezat & fet aa 
TTT H EaTlaet fear | ATF STITT 
at sirdt @ fe ae st ETAT 10 aT 
& saat F ATT 70,000 I- 
Gs Del al GSH Bik Sach aRHAT 
aeran At fasrsat gars Fe are 
FATT | 


HAT (Transit) fafa 


TaN vel at Tar F gens & fra 
By aman fafe ar saat aa aad & 
TT Als AT SH SAAT WES SAN ATA 
A sitd GH Wet & ge ace UH ett 
VET A eld & fh We SAH AN Hl SHAT 
Ten set feet sar car S| 


3a Tet & ah ak At GAH atet- 
ot Gt ge arel 21 aa A org sa 
at al, Sa ak & da a aes GAT 
a AQ A, Sed HNC Tet 
arafitat & fare me devil & gro os 
fern arat 2 | ae fae ba as wet 
Wael F aaa stest ae HI edt e 
Farrel ORGHAT Hall AT AK aAstath 
Blet @, atten Celt feerte are at aT 
Ff sare wet ter adi @ sie saferw 
Sa FHS fT FATT STA lez | 

3a fafa: S aati ae wae alte Gear 
Feat get at are Pare 4 
aera fret e - fasts was yest Set 


ATA-5 : See CATA Std TAT! 

Ble STF YeroT SAT Wet SAT TAT SAT 
Ht Fel afeta alt captept sal steps F 
aq Sl —https://exoplanets.nasa. 
gov/interactable/11/. 

Tel al Gis 4 fears ead ferret 
ase saat S| Set rH Gea F 
Tel HL AST PTT TM SAT ST HTT 
2009 4 sest frat Tat seater 
carta srt & darfera seer 
SRM 81 Fe star daar fate 
HT STAT xt VE est oh STH 
a sae ole hae get a GA 
& fers sare SrreprerhT oh aes fect 
MT AAT HCA S| Hla Byars F 
aft a 4706 ata ve SA 
safiean Gist RAF a 2330 & ak 
Fat ots At a aeht S| beet aa 
al Aedhter F sreanica Sat St Sat 
MER MHA HT HST HIT | 
TEcarenat ArssHrctreaT 
(Gravitational Micro-Lensing) 
SATIS TATA PBI SH TATA e fas 
faaiet SA ariel fies Sah aTe- 
UNA eh WHIM sl Bal Med Sl Fe 
sera fara Dfacemet aft er STAT 
& ferelt qax fear ae Sb THI SAT Tal 
arated at Sar S He Se USA HT 
aly AAT AT SASH ATA S SAT S| 
Fe Sah TAT Was F St eA da Sad 
@ wa en fret re & freara Ht ae 
al Uh Sed Aa & aT Vad & 
(stat fera-5 F fears ear 8) | 


qeule F erat gat ak Al As tect 
agdi 2, sik fx S838 ara FT 
HES Hla AT SAS ATT St SAT 
@ Fs MMAR HA eldt wrdt 2, ae 
4 ae ad HT aT We RE SS ee 
oat 2 aa ae afte aaa vest 3a 
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fear a a ot idl 31 afe ar & 
AA ARK Al Hg Te USHA HC TET 
Sear &, da Sha FU Slel-A ARTA 
ter ft eh at ae Te oft gsyftt 
ax & aft sata 4 sat are 
am (faa-6 2a) | a War A aHST 
ST Sha S SR Sas Aa Det FY 
Set HT STAT CHAT ST Aah s | 


wearer safer 

sat fer eet seete feat ST TET 
2, aa Sit & otier Ft aires oz, 
BART BS TSCA At Tea H ATT 
Uh ST TAT safes TAHA Sra eI 
Wed, Hath SHS) Tereeat (sit 
Gea THIN Tae Gl SAAT Vtg) 
UC ART Ee hat Use at TAT Safe 
aaa erat el afe uftftefcar 
ate St dt SA St Tecate 
WS aH faa ot Ged S| See 
fore, afe alg He Sah Ae a Tet 
@, Sh SA a aN SS eH a 
TINT cal aera HL NAS, A HA GAH 
ale We tat al Te at ST! ae 
veaat safsir FY se fate er scart 
att ae et 4 at @, 3k Set Star 
ah SH ANAT 33 Wel hl ear F Hee 
Fe | 

ag Hea ACTA! 


wife SA a AUSet car Slat ret 
San at Set apreit st Tear A 
acrid er a fare % sata 
seht Seah it fans Hr sea, 
um flat Fret a eM, Hs Sifeat & 
freat seer F ft at oat aera 
el 21 Sa HA Hl Baa Steot aT 
see fead-Sed Ws HUST SAT SAH 
faara & fat aot 4 seq 
Sel, 3k fhe Sra fey Set WATT 
Al HST Uae OT TRA SAAT | 


stat fe ead anti dal, set ve 


HOS Selg SAH Tal S, SI SH SAH | TART HT Se Yet STH Met Tet He SH feral hb arya 
FAR A Tea aS, aed fee eH Ha Tecaia S Hh ged TS TST TH AMT aA aT Mean a | SA SH aT 
SS TAT h ERT TAT TSH, SI HT Ist Pepe @, Sah ASAT AN | HS SA AT Sah STA SH SAT 
fafa Fist ah | aeat A, 1992 fatter verse sven, werde dhs > ffta et & ak Ft vege 
a ee ved Heats ve St ait orafter qrenif, fd gas are, 2018 fee aT ah feared ar adler ae 
Oe S SH Fed AM STH Sl ada | A ORR hart A eerie fee sd HL Ged S| SA NN Hal TATA 
retfireht, frat vite eact aeefl FISTS, TAT TST TATA THT HT STEALTH AL Teh S SAN eT Bs 
aa beer fa aire &, Sand seams waded se ohes aera ecaas Aloha 
Hose Sse aT Det Bl UC THT STEHT Sl SA Ged S| cHleet SATAT HSA 
qed at ast fer 2, Si saa H = ald ae & fe WA Del AT eR 
aed h ae BH Sik ft aa as pie belbi ea dnied areal stethtet A ata at Gad Aa 
Del & at Ft a Ged S| wai Baio A uieer araeoait Gant sik St a gfe silat & 
are #2017 Fant eH ama BT aH waa B) see aS afte SRT & ae ert Serer a 
ara wal ar adem ae ara gare da BA TT afte VT are ATA eT I fee 4 eh gr ae 
guava - zifiia taiaie ai erates eatiaareade sie @ 

Geese) Tat Het Al Sats SISA AA ART SAL aPHAT ae Te A SEAT 


area-6 : ATT aa ar! 


ance faera Stett fereret GRaSraTait St GIST & HeteNG, SA fret SF street st At set STATA a AA Tet st 
ftafeat wer same ae fu 21 eet oie Ft aint sit ararhat ar dae Ber wet 2, Wed Ae SF Ga UT 
aan at oa few at Geen Fara dares Ht array 21 ade weed wel Gish ww tet antics ahs z, sit 
TART Hl Tea AL AAT THAT HT STANT Ud SU UM Heal hl TS Sh HTH ers S ST TANS eT Sl Atsterhh exrict 
3) ga feist ret 300,000 Aeon arlene &, site ga ae vet At Ghat ar Fa ora, it Sach Satie Baht 
& ak ar asta street sft efter 2 | gators ale ara aha Det Ht Gta & afta H efter Sr & fore arg S at we 
aed aye St aaa aT wae sat H Pe Stash Meth | gah fore ara sat ga Aararg! www.planethunters, org 
ae ae site ag afaeratt ar Gis & Sanat At mee FE 


Note: Credits for the image used in the background of the article title: Kepler Mission Overview, NASA Ames/ W Stenzel, Wikimedia Commons. 
URL: https://en.wikipedia.org/wiki/File:NASA-KeplerSpaceTelescope-ArtistConcept-20141027.jpg. License: Public Domain. 


Want to know more? 


1. A (very) technical paper on the detection techniques: 4. 
http://www.mpia.de/homes/ppvi/chapter/fischer.pdf. 


Some websites to tell you all about the recent gossip in the field: 
http://exoplanetarchive.ipac.caltech.edu/docs/counts_detail.html and 


https: lanets. : Idsatlas/. 
2. About Kepler mission: http://kepler.nasa.gov/ and BPeH/SxOpIANe IS nasagov NeW NOrsatlas) 
http://www.nature.com/nature/journal/v513/n7518/pdf/nature13781.pdf. 5. About some of the upcoming missions: https://tess.gsfc.nasa.gov/ 


iew.html and http: .jwst. : ; 
3. About Gaia mission: http://sci-esa.int/gaia/ and https://arxiv.org/ Ooi eer, Pup onvelwsenasa.goy) 


pdf/1411.1173v1.pdf. 


Gat wa Aft Grilctag At free s, st Ses area stectitar ferry Us MrenPreht Gee, feesreTT, F STIS Ta 


earTreritcrcht & STAT TATA ARIR Ste cH TT fepaT S| atqaTS : Hee Pras 
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anf aa o Orel aaa 


TET 70,000 AY Feet AMa Wsitfe Sasbteat G arex Pench St Stade: HR YAVSeT A thet Wg | SATS AIST 

Ale SATA TST HEA SST - TAC TST HK A SA SAAT Alta HLA - few deed geht aeons ea 

& few, qect & art Pracar site aera 3 aR, viet (HT) me Uae Best Paeaee Se ae oe AT TT a 
aga & cit ard 8 fe arava: Fer ST At Rafe, areatter A ara ae arch, we aera site Pe wT H echt 
BS, HAH Tel ATT BT Tre Tse Ta ST S| SAI STH A Tet AL Gloss ees fore fair wsifeal & sre 
vealed ae aftart A eater a car 2 - fad aa aat areal Fel Saat B at Bet Ue caret afeaat 
FAT Teh MPT S| STAT are Be e fer SAH G che eae Pash Heart ar wrsvsert se | Fist aeftarct se 
ata A veler a arret ch Sita Preaetiener & AX A Scares sl se eT fea S| AS aa Var Mt eH Seat @ fret set 
aan A Aer ar staat Hest Al Up ASAT Al sTfer fear S| Bet Ars aa Ht cha & are fenw Taree 
Al SAT FETT WaT S| SA Aa HT Seva AS aa Ft Bisa ar Bae HAT el @, shew sta agienwt & sah 
sara H Pifed es Crete ANAT ae ATA CAAT B | - BETTE 


Ard aa cht Ga UReAcua & at 
Fea HS AasT | 

a aa ae-nicaifthe weve & 
St Aer Te Ue Up cart aa see 
TI HU H Se S HM Fl TET 
@1 sa aedt F maar Ft Me 
an ofsifera, arledt & aeet Bry 
sa beet h WIA He ged 
iat Te Was Uatfed aha 
Wt BT | 2020 F sth WATT aT 
AREY AU BUST AST STRATA, erred: aver ae eafera atsrarere sed oa wee Se | 
Som cep ie (aa ara asic Source: Bryan Versteeg, Mars One, URL: http://www.mars-one.com/ 


22 | wis asx. Sfsemafin <a aa | meat, 2017 


STAM), Tae aaa, saat Hl FATT 
Tat are sae (life support 
systems), aK qette aft ara ast 
ara faacht wae sara art Aa 
Hecht FH fA SAAS TSA | ST AS 
areratcht (outpost) at ae FF 
et a, Ta AR Steahter aeat FT 
Feel Haat Ae Te h few saht 
What aa & few eas HUTT SF 
Hae West Hl Vad we few set 
SAR Herat sol HET Sefer oh fore eT 
ae FATE | 

THe Ut as Gar At ara straret 
wl tattaad ae AW feaat car 
aaa aT? 

2026 H ART Heh, Sah Te BT 
26 We & ARK G, UH AM Heat 
Tet h few Wea HLT | Hae AR 
oafmat S Yestd Hid Se, AE A 
ama sett ted Bret Set, citer ex 
26 We H Te AR Safest ST UH 
TA Heel Fel Tess S SAH GATT 
efit-eft Ser Sle STAT | 

ard art da aaqeat at 
arahtet serat ht Sfs & srerthreht 
ain aftrarhret & eat F ard aa 
HUTA aT Tathrat B? 

caret aedt canta ae a ard aa 
apt Ue shanti al sedate FY 
afar tet sit fer atsper stethreét 
a aed Rt set Srl Set UH SH 
ae sMalhreét ct vect F Hise @, Fat 
qett ait a aa & fete fay Bo 
& fie eae (arate am, asi, 
srt sf) Ft sragazcna verti, 
SaAT GET TT ae, Se a SA 
a Saal aT BT A They fru 
a Al Saett sft SrEce e | feb Are aa 
als Seahtat a SAM avedt (Ore) 
HET Tel SB, SAAT FS Fa BAM 


Ferr-2 : aed cst 


Source: Bryan Versteeg, Mars One, URL: http://www.mars-one.com/ 


} few sat ersaan at tat fests 
a fia qét ett) sah sore We 
anh saa aS oe araraet (Tae 
ata areft arett raat) & sn 
facnfera fru are att ae ares at 
Hl CUT SHISAT Sh ATA Wels SAL 
fora STAT | 

ard a4 or fesse sa aaa onfera 
Ta tae Fe) Sa 
& fau saga soa snfe at 
Frathta ane fora rare SIR SAH aT 
aia oe cht cerita Ceete peat 
Saat ae SH 1g e | AEM SATA 
At Tea et oft ag @ A SATA 
aT H BtHst ae ft sat AT ag BI 
Tee AUT A, carat sect sti 


fay sett RX UE cage Ht dae 


= 


faa-3 : dk at 


Source: Bryan Versteeg, Mars One, URL: http://www.mars-one.com/ 


at oh fea eanfta where arafat 
& fesisa aeaaat & fe ae aa 
aq Vast SUT! ae aah afar 
& fessa at samen fesisa 
Rear & fret aRorat & arene we 
ania feat sem) teria ea 
Save AGRA AMT cimels 
aiféa & arr waft seas geet a 
Ue feou ST aah | 

HiT Wl as GTA UR SiN Ble GA 
Wl ata UT aH AAU Ta WTA 
arent uafte da fia ae 
Al STA GAT ASAT STATS? 

are a4 ae Uff sed ch fer fears 
eq sor fe ana & vata 
(FAST BA Sear HUT Bik fava we 
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BH PL Tel) Hl chlg HAM FT TST | 
ret Al ga Bese sett HL seg 
frat stam fee a amet at ist ST 
TAS chk, Gast oH STAT Ue aTTSHT 
GM 6, sik varat qa Hatt & frara 
hl PA-G-HY He | ATT UL US cat 
cor Tera Few Fl See AT al yeast @ 
Ard BAT Gem at fee aret FT 
sais @ at area a repre GST | 
at tae, fare oft geet & St waiter 
feat STAT, Set sect Bh fore fete sar 
SUTSA HUT | SA AHH el Hara fe 
qed & sited cater At dear F HTT 
& tare ar anftRafter vere sed 
BleT SPT | 

SAH SCT, IS SA TEC opr ferenreat 
sik sereht aiafateat yet at start 
Hl FATT WS H SAN TATA Ht SLE 
RIK A Ghd Sl AeA HW et ast 
A TTA Se Hl STATA SA 
Tra SIRT SL STAKET NTCaTST 
af, ae tar & sien eh AK 
Osea Ar erat At aT sre FT | 
ATA WC Hae Hl SIM SA Te AT 
AT ate At st gedt & few aed 
ae finan and & Pe eet ae we 
squat & ger eat wafer a Be 
ERT ST aT 

Titel Ut ear, at ait at AT 
arensizant cat ata ch fore atracht 
aa BAT BF? 

ae ct & fete Whle Sar He Ist G 
facet sadt 31 gedt ot Sit ate St 
ad ¢ sad atte 20% siteretism Bret 
@, ATT 80% ASZISH Aca Ela @, 
SR Fed Biel FET SPM Se tet 
That Ht oft etet S1 Fret oe, UT ar 
@sehn ot sitedisa 4 dear 
stedisn ter ft ot andi 21 sa 
sitaetised st STANT Ted & fer sas 
aM ate sargat 4 ate aA aR 


ar | 


Fea: ard oa ar Gt (BTA) | 


Source: Bryan Versteeg, Mars One, URL: http://www.mars-one.com/ 


area SAM & fer feat sre | 
oi sa aed F fersteft gam & fere 
Gt Uae ar saat fepar SITET, aT 
aa ofeRaftat & fer, sa fersieft Ht 
STASTAT HT SH, MS Tet A ar fax 
Fel h AAS GNM, sitaeiset & 
ue fee ar Gfad ae feat STE 
ASS AK are al Ae A 
aavSet & frente era SITET Sik 
sae CE ea co 
sifsoa dedi 4 Hl dpe fen otro 
art cat Het at PT a epret ST 
Gad @| ard aq feet are aa 4H, 
et At ate Fort et, wh Var (ast 
Haha A) AST, SR Ta SA:, 
sa aa Fort Ft ar & aa | 
aa sect & few wet tara ar Stes- 
dtm Vat AAMT | SAT AAA & fH 
we aa 40 8 45 fet sat aetier 
WH SMT | Fe Wa Th SB at fast ar 
Frantetant Sa Ut cists Bate senTsat 
Fat wet feeds 4 ste on at 
AMa aedt & fea Sal, ot sik ata 
ct Cae ATS Ger cael S| Be Set 
frances da dem feet alt HoT a 
am fe Ot ates 4 A STU | Sta Sa 
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arediced UT at Gat Ath SAH 
dae fear aren, aa fet at stert 
at feat STU, TMT SAX safer aT 
frarert & ferw sa wfgpar ar elec 
WUT | Wel ash Uae sare F 
ETT 1500 eet sft Ut wT 
dae fear sem frat fersteft Ft 
aat are feat F soar frat ST a | 
af tira Fo qecorair 2, safer 
Ut al set ae S sedarer pat aT 
AHA S HA Teal Oe Pepa STAT S| BL 
arakat art offer crept 50 effet 
OMT Sat SAINT SL OTT | Sa TT aT 
Ursa fener sire, ferred Faret at 
aS ort Preprers At Gera & cart 
aa Sot werdt 31 fach wa ott Ft 
wre, foreeet Grdsnor aet fear ST 
GHA VT, HS Pepret Te TAT aT 
sedaret feat STAT | 

Ae a Te seater at dimerse 4 
GS AAT AIS eT HL ATT | AT aT 
edt ox at oat fenet Cet wear eet 
aedt F, HTT Ue Gre Seaest & ferw 
sett uftarot At asa HUT, Set 
ae eet Get aaeat al ose 
fear sam fe o Hitelse Sat 


aaa oat & careegq ak sash vesla 
al Sat Can & few Sert & oftet Saray 


 Miet-sorat St yaar TU SAT 


saree & sat seater ait Sa 
wales aT 188 fet dem wet Ae rater 
Set Tea! ga GW A aed Be Ih 
SAAT oh Mft-SaTaT a PIAL TSH | Set SASH 
FART HT SST aT 24 avNT ch tax et fe 
fore Gerad & aed A | 


Source: NASA, Wikimedia Commons. URL: https://commons.wikimedia.org/wiki/File:Shannon_ 
Matilda_Wells_Lucid_1978.jpg. License: Public Domain. 


Sl Ae Gee | SA Ae Hl AAT HA 
& few fe Sa Veen Aah ST ATA 
Tea at Stch (AL GMT Ta I, AAA 
& et Sa S At sect sate fe 
OR get G Sach fete ast FISH AST 
STOTT | Sa HAfSt AS HY feppreact 
& aa sear fear sem afer 
ae astara fear st ach feb Seen 
after feear at sirarcenretla Ug 
BT FY AA Sl Gh | STATA LATA FT 
TERT 80m’ facet areata IA & 
feaw SITST TIM | USC AeAsH Fe, 
SAX aah Seth Ha Ca BT at 
re Feet SI HH A a aT 
Rife CAL AH SA AT SSAA, 
ect Teh et h Fel SAH HS 
Gare ae ft SR ATT | rales 
aret ht ose teat, Be Ue A 


SMT | Sta LIT BUR HTT 
fast Ar Hret ace farfeneor G ate (si 
oratcet ara) Ft Tat HUH | Gea a 
fore Sat STE STQSHTAATSS ATT 
aS A Te et ATU, A HATA 
oft aft 4 a ahaa, a1 eat Sezai a 
reise ath UT Al SaeTsera SAT 
aft affine fener ster) dtat & ferg 
SRA TH Aca HLT A eat STATA 
feral ST Gea S AT Pe See AST Het 
oh Utes SRT MTA FeRAM z | 
Uhett a Seared feet er GretseoT fea 
TTT, A SAT cat Tah H fore aE 
fore STE Stat Tee fee Get H Bik 
He SA THM STH St TNT 
a Se feat STG | Ag WaT Bh BATA, 
ged Vers S fH Barer sik ats- 
vals at iret oe Hae & afta 


STER BT FECA St | AEA FH SCAT 
US ot srfaites feear ST SH STC 
Se FART ch ST Aah UST ed oh 
fee arrorccnrettst Tart oh BT A yet 
a Se et aise & are dated fear 
SITET | 

HA THcarHaoyr st cl yretheaa 
ait rareen areal aaticrat eat 
%, ait gaa Rroes cft arracht ear 
USAT S? 

arditat 33m fast & ahr, sik 
HTT I SAO, STAT Bt GAS Sea 
STAT cht HH SU WecaTAIT Sh TTT 
Ac Tet (HTT WH Wat FH 62% 
FH Tecra e)| feed state 
sraftat SS FART ch SR HH VT 
TRATHIT  PUOT SAeahtat ATA 
al Weed st WHAT Ss - UAT a 
SOTA SA aa F fire, aestiet 
(Riise) ataat A Het ste srfter 
UAcd HT AHA - A Fy AT 
Unis qeera et Had S| Te AT 
oF bh Healter aratt Geet are Haver Ft 
des A SAU, Gl HA-G-aha a fest 
BOF a, Het ae ATT FART eT hee 
qual ch tecarensor A arre cites act 
feral steatter aratt Ht Tera A Sater 
wea IK WaT S| seat 


faa-s5 : ad aa sara et | 


Source: Bryan Versteeg, Mars One, URL: http://www.mars-one.com/ 
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faa-6 : ard aa stare bat — aside ST 


Source: Bryan Versteeg, Mars One, URL: http://www.mars-one.com/ 


aaiiter Sear &, sieafter aR & 
4-6 Felt Ht Bale aret Ast &, wa 
SCM BARA FAS Tat Ter ze fH 
aeahtar arbrar Fi afsrat Fy arse 
30% Ft aftenas atta (SR Urata 
Form AT 15% stftrnaa erfery Stet 
al 

ae Sa HT aT S GTS Sa ATA 
BTS A WS ofa-sorah (vet 
Bad) & Heiss EN SF AlHSt He 
art aT! SA Sorat F site ff aed 
Hes et & ay ta aM, cae 
Dural Hl SA Ld UAT AT e1 sa 
aa Pr ater sik salt a a 
ATS Hl ot A Tel TIT WATT F 
Teel AMAT 10 Get H dant H aa 
Hat fsa & ak afer sarageft 
Ufea-sarey STAN saw | Are aa, Bae 
sath seat aat a wfdt-sorat 
Al ROAST SA a oh FT, TT 
sarrasitencnr fier & yer & yal 
age Hr ft ay Saw ates Uh 
alata st amet fer at affara 
feat ST Gah | Wa IR Het We Vea 
UM, Arahat AAT PRCATHAT Sh TCT HT 
CTH Th TET AN Ses TA: STH Ht 


ofspat 4 aerrat frertt free saht 
eet HT THIS SIT SA Ft AST 
ert | 

aa Het ut safAagt Ta atch 
Tete ANT UL arenas th HTS 
Walaa Tra eet? St WaTat 
wal Ga ae & few sah war 
USAT 8? 

Za OAT Hl Met TAM BH few sat 
Mer St SH Gest sr Mel heTeat Ar 
sala & sarer sik ot aed SS FT 
sera Gerth | Tear SS HTT ah 
a Tea ott, cert street Meat Mt 
ae seed @ fered ae afafard eh fer 
SAM $8 AAT Sl WT FC TG, sik 
amar He Wt Ua AAT ST 
Prato SES ae OTE | 

Ba TT Sts at Pat STAT ST 
aearfra waters a eter At 3 
an aa & act h UH Geet ST, ata? 
raat saw sree) A sacar 
aifrat & aa oe ere feat 21 sat 
fagrsaat a TS att creat state 
At aeahat Seth AHN WaTat 
G foes & anita sik walaarita 
ofa-sare fanfare eT | 
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TTT Ue MHASH feck Tes Al Shsit 
H aed arch a ast aa fen, 
ak “faeqa gfe arises srfizer 
ait ret are fram At tar aga 
Fecal ehhh | Are aa aaAw aheat 
Fi dere A el @, aie wastes aT 
ae Ht Cera F S| US AST FATS 
St Fret oh fagrt ob fore saa et 
at | are aa At aeat & Sam, sik 
Fel TET WL, SF AT UH-aa ATT 
feat a at 24 aud feraret | gat starter 
& aM weer dist Het oft 
HSI HM A Saha S| SA TAT FY 
feafa & foes & fa ua ae Re 
Ht arate Cpl Sik Gail Ar skETT 
Set S SAR ATS aa ST HT 2 WS AT 
Al ACM HT Sit ga Ate Ie AT 
SRA H faw aS BATA S| 

HT WL, Aeteh Set Hl SAT VET aft 
sah far Fae Beat TM, Bit ae 
aa ef o Set TST F STA Sta 
CUT FGI HUT BH Carella TASH 
G, TM Wat S Sg Ag SHTSAT G Bes 
facan @t| a ie Fat at - a 
caren rer H st, SAR Geer a RNA 
(Sarecnt & fore feraferrerat) & fera 
ArHesl H VAT F oft | Sf at ater ae 


HM Tred AX Arersh Set fere sect 
al dak At HLT | FAH Sea, SAH 
fou water ot wet eh, ae ae 
afer at, aii at tears, sa 
fe Ge, Her, Wy safe | et al Great F 
Uh AW Deh aa h AM S Ae Te 
fit-at ua sera ata aa sient, 
aK aftra-a-sftes ant & tet h 
fora Usp arent ore oft oa ST | 
treet AY HA Tecatnaur, fet 
arguuscta ara atett email 4 
WAT HO aT Vela AAT ALT 
Tet cht ATAU 8? 

rer Oe orca fare Mer fae STO | 
Serer gh ferw, steahter art seat art 
TE MT HUT fe 38% TOCATHAT FTA 
aa F ted G Sah IF het ofa erat 
AK Tears Sd z, Ar fewest aS rer 
at ftafe 4, areata scares Al et 
dads (segiiifih) SHAT A BRT 
Menfifeat car yart ach aed ZI 
Tet ch UPA St AST fe sar 
Gas & fee ga wer seaaa Ft sa 
aed @ gat Sao oft efter Sh 
fafara et, vaca Bret at Seat ATA TE 
apfead erm fe aan eft Aare oe sila 
OT, at ga Saft set sila BI 

3mm tite al saat aa aT 
Med WHat Bl Ara ze, al wes fer 
Het Ut deal art wea At srl 
aa ares AY ae gt Goal 7 
Fae Ara eat AA EATS Way HUTT? 
HH TecaTHaT at ars A st arco 
ae St ATS Al AAT ch A A aly 
Sant ael e | 4 St ge fase A vate 
Mle Sretee e fen aa Veh aft Rafeat 
H yor apr aaa ferera et Tea e 


a aét| sah Bela, Fe aa A 
fafsra @ fee ae Ft aedt qeat & 
tet & fee soa STS zat eit 
Ae Wet are Brahter aaa ar 
OAS Fed Bet eM, BR F Aaah 
ae sat ara alferat oe sad 
FT Sed Tet] AR ga aa aedt 4 
Upeh Sfarat Carer Hae St ert, 
SHS SATE HS Tet | Faery, A FA 
sa asedt & unftsra tearfeat a ae 
Gere am fe F ged Yet a a ST 
Tae he | eps, ATT WL Up Geet, 
care, seat aedi cert & few 
and aa ga ara al Gaara & fee set 
Seal HT SAT eT SHAT V1 TAherT, 
FS MT HT Wah Heal aA SAT | 
wal Ae aa cl cata ale ay 
arate sit crue fag 
aaa cht ls BAT FP 

aed Ge @ fH Het Ut Gectl Ha 
aedt sara sachradt adh at forte 
amr, st ean slat are aT aaa 
Utes AAS VT | AEMTET & feb SPIT 
Wh aM sa fA Hl STAT Geary 
al Tet, Ae Fs AMT SAN, We 
aa far al a Cat STAT VeaNT 
afwel ad aaa ane 1004 
PAT Val A SA WT Slat V1 Seats 
BA Fe staan ard & fe Ae BAN 
Geet Heated fae ch Sat Th 
ad & Sy ATS SAR PA BHT ATT 
ee dh Gere feet sem, cfr ae 
a fae ar ae sort & fer vata 
vet ert) gafere at ot & fer 
Up ae fees a at fst aa a 
Te St ae PIAL Sh ST HT SPT 
fragit al Ure aes & few, ae aq 
PRIS + aM aq dae At Lars 


Ate ST at atic et are Hea 
@ 3k Faget at sah se ales 
al Ate edt 21 ard aa Gad & ura 
ad a4 fas & aifem a aifea 
Gre & uaa alten & sit de 
srt Astor HET ate Aer sar 
Gent fret wh Bik WAL aT FY 
aaa Fragr ax ofaeast a at! fragt 
Ot ited He User ITT GF oa 
am, feat afar a ya sik 
GETaT SUA, SATIN Sik Saas a 
ae #8 ait fava erftret BI 

wat sat Ueeta arethear yrter 
oat & Ursrt Urstarhear Art F? 
ferret dt usta at araciscrr 
arate deat & ary Als aTsterhak 
vel &, afeea Sa are & are afaey 
F Aead Asatte A ahs IT 
Beard atria tz | 

Wt HT Hig Cael Rete sa 
ware 8 fee wea Wee Ht Wha 
2? 

ane & cael rere srt areal F 
ard a4 & fig Ft aterarat Ft sat 
atch SUH Hed Ht Ud | saa a 
a & ares & aN A aaa ST 
Ta Sik Sach at F ae 
gent | stk ae feck ard aa & fare & 
FSI Fal Ss ales VATA st, 
araktet Sart A elt ate wala 
fere wecaapt 21 ferenfefat & face 
Ut Rrateht HT Ted St MHRTCAH THATS 
OS Gal @, sit Bream wie ash, 
as ferat ar Oita ae Gard é fer ST 
aoa & thes STE St ae ot soit, 
date o seater arett arene fear! 
atrare : Hed Fast 


Note: Credits for the image used in the background of the article title: Settlement camera, Bryan Versteeg, Mars One, URL: http://www.mars-one.com/. 
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Homey thi el thi odd cal ciel cent 


ThA SHA HA Bla S? A UTAH, Uh AN Stade chich tach fat 
Ale Wehbe TATU UT G feos Wenn ft 2? Ae eke Uleehl eal : 
TERA A stare Chea & Bie Se Ue eal 

Pracdt Het HHA ALTA Aer STeaheT - 
Waxqur S ua ater SaaUT cht 
USdiel ANAT FI 


33 2016 Fl, Udy ae Va a aad Sl GIST H HT SHS 
Aaa See det set (rate, wa st ay) Ft fake 
Ga) Ter sd wa adel wscianeesaTTe 
wort aret Aste [Dual Mode Ramjet 
(DMRJ)] Shee Sst Al SST AT AHA ' 
yest far! and vt aa, somet Set ASST TAIT A RSA: Sg ALUM AeA, STA 
sratter At weafat at gest Ft ret CF AL STAMT SY rete Sit siraettcnrcsT 
weal qf ISI = faa “ene, afer, al Sq UA ot ald @, SAN St Ga SRT 
Rraradt sit dare soar fare st aa —— 
| 
atea-1 : seit cht Pract cart aa 8? 
afsenist Fak SHE, qedt Al Ade F ATAT 36000 Facititet Bat area Trea mall [Geosynchronous 
Orbit (GSO)] H conttra & 1 ge Sard we wana Soe yesh Ser oH aR ATA HTT 23 Ue 56 fits ai 
4 Ses ST GT HT Sit fe Teeth oh AeA OMT STC TTS STAT z | 
sah freee, tetterer TistterbeT Perce (STA), BA HATS SAR HS HY Aeaat GLA STAI STTRT FT 
ged ht ade & Hts 1200-35790 Reiter a feera ETH [se [Medium Earth Orbit (MEO)] 4 eanfae 


fra aan 2 | Wass Samet Al Hatta crafy eimnr 2 & cere atlanta 24 guat am I ar 2 | 


fea, SATE STG SAraLat LEN TAT Are SA APT Al TSA SVT AT SA aT Steat ft HEAT ae, Tt STI 
ad ara fi ae ara eat & sera aa Sr ae ara ae aa SE TH ot ITT arate, sae aT yea At 
wae At tte @ GRA AB Sear Sea ee A atsraT aE al a | sakerw se aE SaTET A sre ae 
ged ht fracit wart [Low Earth Orbit (LEO)] 4 tenfta frat Sra @, St Geet Ht Aare S AATAT 200-1200 
ferettex at adh Ok S| Ae SATS Ye Hr WH HL PTY FETT 80 & 130 fate PTA = | 
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SSM WG a Vect Weahe h SAM FT 
ATTT 85-90% APT Wet (Alem 
UT SPT SHA Fe) HT Sle z, BIN 
HTT PA 1% KATA GOAT FT eH 
WIM Fel SIS HI lat S| UH AK 
SH & ed & are at ist, fast 
ald &, Ayah Vt srt Sl SI A 
afaite a a safer Fa aA a 
aad & few tichel F staat He AT, 
Ul GUS Bld S, AK AWA-BTA STINT 
ale SG GR US PI eT a 
Sal & | MARIA, Ua PUO-avS F 
Sq cH Sl WA & ae, Wiehe HT 
ae WU, Baht Glet Bik Aletl FY 
Ferarnt F the fear stra S| 

RA H Ae TH & Ae, SH IT a 
AAT HAT SATB, SA SHTeT ALT HT 
AMAT ISAT S| He Tisha, Fea TH 
AAA, HAAR, AO H AY FAT 
Usdt & frac art ada stent 
wate ar & are sites & ae Be ot 
21 faced SAMI BOT SM, aaa SA 


faa-1 : hase SSF HTT 


Credits: Scramjet engine gallery, ISRO. URL: http://www.isro.gov.in/launchers/scramjet-engine-td-gallery. 


License: Public Domain. 


ol Seat St sary ASTER Vtct S| Fa 
Ue HH OIeL-at eet aT eeeaT Tae 
aX Ghd S| Ta 1986 F AAT H 
sake eet Vase We UR BIT 
SST MT, AA UT Seahter ava AIK 
Te | gar Sha Hl Peete Ve fear 
AT | FS SISA SAAT SAT AT Ahh ST 
att ate Set ae Feat HL ITE | 


amy afer aut & fear, wa als 
tae qedt & args At He ae 
ugaan’, at aitadios wat arar i sa 
ant ait & ax Sat 81 gee ora, 
as Uehe SAT AUT St sik 3a 
WA Tet Stet, st Al BT 
MAK Aeld S| SAS SA AEST TE 
WHA A sat Mt sardt 8, gates 
teh! ERT Yet feu me sah HT Ba 
G satel feet sitadicencn Hi Sart F 
FeAl AAT | 

Se SH Ue Gasvarht st oh aTT 
TAI IM SAT Ged Sl HAGA 
qedt & Hast aravse & lat at 


wetter vat = WR 


fea-2 : Yast alk Gate FI aE 
fafta Se dara 31 Se Som & facta, 
Vasie sit chaste Soe F a GSA 
AMT vel eta, si gaferw, F alert ed 
@| dat yan & se ga sae & few 
ARIS Fi Sires FAT VAT ata | 


Credits: GreyTrafalgar, Wikimedia Commons. 
URL: https://commons.wikimedia.org/wiki/ 
File:Turbo_ram_scramjet_comparative_diagram. 
svg. License: Public Domain. 


aftenist ser & ace fret ae @ 
AAVSe Hl STRAT HT STANT BH 
a, a Steahter A ara aes FY ATT 
aed ee dH Fe oid safe ea 
ald F alg otrert vet ear afer fee 
araker At aret at At aaa Tad 
ret afar oe a eer Cet te reAT At 
TCT HHT BUS | 

atett woredt aret Vate-ehae 
SO HAT Bla S? 

Uh AUR se sq sei fesd 1 
ry ata @, fra we whe Hee &, 
cHlert Sa St HSTIG STATS B | StS 
& fae ayausa Fl sitet aT 
Sede FUG E | 

ae dara Ht fSsitga At ater Stee | 
WA AT A sites & we aS 
Ft eat at eat atett jetty octet 
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BRT Sa Ba SF BN Sa AFR 
(combustion chamber) 4 ARI Sa 
@ | $a 74, aedifSet (compressed air) 
ear & get ox feat sat 8 aif ae 
ae ae, AE ae QT ert at ee 
ah het Se S| Fe Te sed Ts AeA 
ay frara diet (atset) SF aTet 
Proper @, ferret ae erent Yer Stare 
(ler & chet fare stTa) Sit ste 
Hl BA AT SL TTA | 


Vac Sk Ghat, te ST FI WS 
fafa seats fared Aeahcat Al SEAT 
& fer sedurer frat ST GewaT e | GTS 
ast ate faa atte 0.8 eettter oft 
Gaus Ft ae S Ss Bea &, sala 
orifte ft erm & few ae set 3 
fee 8 ferciiter oft Gus Ft are 
Te AY ATT | VST STAT Ves RL HA 
Tet Ste Sa, Taste Heed SF] A 
Beat H, Caste sik satan facnfaa, ar 
al vtat Grea atet (air-breathing) 
we fe é@ fe wae Gee GF 
ardtisa sat aM & few tet sist 
At sed Fel Tedt) sal aS, 
aefifsa gat Hl waradn a fesisa 
at 1g vara & ent vat iar 
Sa @, Sk Fam AY-e-A, AA 
CRT Aer S AP ASA SAT S| 
Um chaste aT ae rafter 
Vase”, taste aT ua faafea sit 
FAST THK SS et SIT ATTA 
& Cie Bsa eH (aTaT a a af 
aS) AeA ASIA STS HT HUT | 
GHAR Hh STANT S St sate 


alettien feret tshasie aft fesigs 
aSt St eet Wet Stet S, WX Sa 
Ufa qRaet sik wtathrere wT 
Otic Ha Sta S| 


Sa Al sa Sh fore ett ocist & 4 
at @, Caste Sit cate, eT TH 


atera-2 : Wen Heat 


He Geert al frat fies Ar are Sik Sah UN AK } areas F eas At aet 
& ote & srr & wT F afeise fener stat S| ge strat fenett Goat ch are 
sedarer frat Sra @ (Stat fem Haw 1, Hep 2 scare) St HUST: cay At are, cay 


AL Aer S SPAT SATS SATA S| 


area ater ferett seq at THe at Se a Hl Hed S ast Te cal At aret S 


aaftre ast att 2 @e 1) | 


BISA ah et Sta ah TA eh Tet Fl hed S - 1970 FH Sah, ATT ATAT 
US AMT Sa Lal & fee SSI eh Ale GAT Acer Heh 5 BIN Sara safer z | 


& Sot aeeett vafsrenrart & ant ter 
AM ate eat Hl card & fw sat 
areata Hr Sedat aad f1 SA 
Oy, Vatsrarat A srt arett war aT 
als secrete ater at vet er 
sale, fre ate GH HAS sett are 
LAT SSA ATCT HLT ch TT SH THT 
Tehel Hl SANT Shae AaSS aT 
al aedhtat F ahead & few fear 
Sa SS Ube, AAT Hl Tet eat 
He 4 a oft saver ar afer Tt oe 
aa Hag Std S| Uh INS SAT HT 
aa & few sett ater at AT OTe 
at dd @, Sah Te Sah Thase/ 
VaSIe SMT Bl Ser SMT Are] fea ST 
Ghat €| Fe sae At aft Ael|r 
Bla  - Fs Sct Ho fefeaveNt 
aftaz at erat arfeu| Bee 5 aT 6 aT 


a ag te fret seater a & sacl 
ES H SAT Sh SMAI Tare HT Sat 
ey, fasteg ga saert At germ feret 
aor & ste arfere Ft ctett stent & 
IS | 

A vet St se Fao Hl ATT ST 
ae, at ot gaa Sed & fae ae 
aret way at Wt state aah Sa AIS 
Chl AAS WET Uh GORE HU Tl FE 
HTT ART STS AS SAT BTA A Ste 
aad cent at asia AeA! 


SAAT St Feat | Sel GhASIS aTAVSeT 
SSI AeA S SMT ae Ter Sa 
@, a Sal Hl ada aT saat safer 
ela & fe ae ear wr ict Ad tH 
At epaste AL erat HY Tafa LAT 
2 | feat ast-S sit ae Ft fast F 
Sf STAT SAT Tet Panic Ht HeTAT 
at, aah are A Slant Vd Bar H 


that St 


faa-3 : Ufectt aia & that we St Ghats Sst FF fhe fewer Tar oT aA fe gat ERT 


sept aero fear TAT | 


Credits: MarcRic, Wikimedia Commons. URL: https://te.wikipedia.org/wiki/%EO%BO%A6%E0% 


BO%BE8YEO%B 1 %8DYEO%BO%A4%EO%B 1 Yo8BD%EO%BO%BO%EO%BO%82:ISRO_Advanced_ 
Technology_Vehicle_shape-01_(rotated).jpg. License: CC-BY-SA. 
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FAS ATTA ATT aT APT HT ST | 
toate Ht fesied Cat ST afew fee 
wareprsit & ear wera stax sre 
T, Tet St aT fer oft Saat MT | 


THSIS-GHUSI SST hl frp HEA, 
SAT TAT HLS SA SAAT FSIS A 
ae LH SF Aa AT-SL AT 
fa]t var! geet + eset WIEST 
(TONE AT aah) ob fee SiFA-TLG, 
am Hat dam feu me Ae eA aet 
Ufeott aac & Tehe STA 560 
Fat | Uea-S101 ATA & get teke FT 
Geet a, Are 2010 H, water fear 


Tafa aa ven wea A aay Ft 
FAH AW, 28 SATA 2016 H Ue 
Wet F, SH at at chat goneft ate 
LATS-THATS ESAT HT Was SHAT FEN 
ara Veoh ghar & cet ao are 
Wher ARUA-560 W FAT WAT AT | AT 
Take + 20 fancier Ht Sars Erle 
ant cit, at chaste SST HT Ae AL 
fear Tat, sik seach aye ura avs 
am veftl sa wer Fr onfera 
geae + fear fe woes da 4 
SSM Fi aifesc east Al FATT TET, 
Ap PET (6+0.5) ak alas awa 


(M<1) 


(M>1) 


Fea-4 : SICH, HIS Hl FATE TET BIR GES Va Sh Hae ST SBT APA SHAT GhAASIS 


& fesrga Hl Hes set Men rcbte Athcrat S| 


Credits: Cryonic07, Wikimedia Commons. URL: https://commons.wikimedia.org/wiki/File:Ramjet_operation. 


svg. License: CC-BY-SA. 


TAT UT SK qa Sat Ut GavS & few 
Am 6 AT Fae Tat at! ae fase 
ald AAT EhUsIe Hh ATSACT (SHI) 
tie We SA BUY, cifeer SA Aisa 
al STA FNl TAT IT) SA TATU 
+ fearar fee afeoft afar & tere 
Yaseehaste Sst Hl Ae HM 
fee sre ATA 80 feneiarect FT 


(80+35 Hate), dat & aad A | sah 
sean, Tat fee asa AH, Feet Tek! 
TUT Sh OT SHY BAN Spe SST Bh 
afr a 4 5 Gave a ae SSA 
% 55d-604 Gus & AUM, Zit 20 
fercitttet Ht Sarg We SAT | FAH ATS 
gait SUT a SEAT GT BT a at 
ara sare & fie gerdt Ht tet ore 


araa-3 : shlasifae tren]e Sart 
PIAS tee SS TS Stal F Sit 
wae Sq at strata FT 
STANT LAT &, AAT, SAT SEA SAW 
OT Stterctenrtes Tet HH ATTA Te 
GE At We aehtead Te ele S| 


are Vaste-ehaste Saal Gh ISA BT 
Hooft sed S A HS AT atta Ft 
Sl Gadi e | 


apfere eat B? 


Ble Fe Way AH Ter, Afar 
EHUAe Sat Al sts AN (Wears) 
al staahtat A STA & fee Saat fea 
ST CY, Var et & yet et srsft 
Alat st aera at | 

Tat & GTA wt Ho TS Tatfaat & 
oS Uae Hea, SST 
VATS HT SHUT He & fee TAT 
SPT SILT AAT FST Ist Teil HK 
BM ATCT TASTE BT FST Sel 
Aaa al Aart F Bas aU Gereit 
Al Gta SAMI Bt se faafea 
ae! cath tical 4 ereacaifcn 
So SRT eat HY ict CH, Serr FY 
fait areit & @hM som & yess 
AN HM FX Gast Al AAA, et ag 
yaad, saat & SAM ataror gearfe 
Sl AAA BAT | See & FAW, See 
ada utters apr fesse fab aT 
Hep 6 At aret We fear WaT AT, aE 
Fy som ar War Ae 2-12 Ht dhe 
At fat areal ot eet AT sate 2 | 
Fah ACA, FF Ad Hl AA H Vad 
ee fe hls att aifaehT StH 
SM ee 
coaste Sori abt festgt A eel sar 
ater saet ate tate H Vt frat st 
Gerd e | AS Ae SA ALT G BIN Veflar 
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oh ANH Sach apt tsht AA SAT SAT 
Mert a SH Sea Sra S| SAAT 
Adela Ue Ea fer SAI Hl STAT a 
FT FASTA TAIT A SAT & Few 
caett Sra seH BR HET TST | 


aaa ara AL gant Fy afar ST 
aay &@ tar the faafaa wor 2 
free chaste sort al srrditer 
gattta fara at aah | a tthe Car Sar 
afew wit feet aiea te & araac 
SIE COISICC RUC IDICCAGISAe 
the Al Hee S), TTA ae a 
SA SST AL, GHATS FHT SHY ATCT. 
At BN SH Veet Ht Fach Har Ft 
AR vats HX AK get Aeaker Fr 
a aay fast Fl Me Sa TTT] 
ge att ofeismr Ft strenfera Prater 
APTd 35 as 2, frat S de Hats 
SITET 2016 Hau wer at as fenw 
m1 | 


Bet SA HT ARI Aedd: Ha Tah 
Uh aT (WaT) Set WATT A 
Fl STAT UAT @, foctetet SA Har 
ae at aor (Ateadtan) atet yar 
aM al Sua eat tdi 2, frat 
Te AT sat Hl Be Gat ar 
Bla SA AT F, aif yest St 
fracl Han dah Vals HT I A 
fern we Frerafacht Gerais) alex 
hl STAT fear STAT | SALT SAT SUNT 
Aeatat Hh Tec ALT HT TTSTaH 
AMT SI SaTEl H yaa At ara 
Al ST ALT S| 


23 FS 2016 Al, SUA UH BIST a 
SSM FT aT (AT waguaeal) fer 
fread ‘caexft steaftet sree ATA 
qasrartt waar a (RUE) 
pl Wahi ae oe wetar fear TAT, 


ak arutat F FS, a We eats 
Zsa & Yexta At sires Ht 1s | Ter 
SSM Set H, Fe Braker ary He 
At waret F See WaT | SeTSA TANT FF, 
fare ara after tarde Sa 
A VANT AT UegUaA) @, Sa UH 
dete sag Val KW aU at 
SARA HI VA HUT | Je ears VET 
oftettater og Urdlears tt F aay 
aT | ga ae, suet sik 
Uferh-<ste HTeacit at wa a 
fags 4 aarfed ae feat sam, sik 
araet ft Serat & Wart (SRSUA) 
& fer 4 Ghase Sal ST STAR 
dented et Cet] AAAS FH A, 
woned ch ferw sewer at ata ste- 
prasite saat ch are fhe ax fear 
ara | st ast aot ar utter a 
OM, Sik UH-gat Ure eras Sr 
& aafend fu art & are Ht ga da 
al Uglat yar & few sedHter ferar 
STE | Set gr fee Te sea 
aaitd & fe Sa Alet 2030 & Se-a1e, 
ease sat ater ciwadiatt waar 
aM Ol sedate ath steciter fara 
al STA @ Gaby | 

Ua tase ant Gafera suai 
qedt ht rach sant dah Hele 10000- 
20000 fear at wits 4 TT 
Gaal &| Safe Gas sarer faafea, 
oneaitas gaat yaar ara sftwawerat 
was-3 fath 8000 facta dite 
a GT Gna 2, ak Maus F 
wfdadl tiecht 9 tiche set Haar 
ah 13000 Feats Yetls A A FY 
aaa 21 a afeerardt gascartt 
yao a ear al fice Ghat art 
AIT WONT GF Bedhat He yaa Hl 
feprrdt saret| ada 4, Set Ua 
factors Ueits & yao AY aa 
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atta 5000 sattht Stet vedi 2, 
SER HT SHH e fh SeaHT BIRT 
ware al firerert 2000 statcht Stee 
fe feRctas Ft SAT | 


Bieter Heo fasregy ga Ft sa 
Tad W Bare US Hed F, 3k 
arat Htd & fe arta F Hat ar SaHT 
feeoaor sed TIE Tet S| 2006 a ATT 
Up dedicht eeatast F Fe dara 
at Tg “TH TROT ae @ fer Gasaartt 
aK Ue aK saa SA are aT 
am & ata gare ateteaet Gastar 
am at aaat stad? art sik 
Uh ak saa feu a are a Ft 
sara? amd & ahr aec-aectt 
Sl? ATA, SAAT A hh ST 
are gato amt Al faaetiga TT 
95% @, fran Haeral & feb SINAC BL 
208 S 1 WaT aa fae Sl MT eI 
oiler, FASTA TATU as Shr ea 
SMT sad @ Ale Sa TAM are HI a 
facia ae & fore sped sarer Fras 
Hl Aft SEAT S| SA BATAT, 
WaT ANU SS ToT, Seahear F 
Team, sk fee qedt & asa 
Wms I ae aaa er, a za 
faepfaa fren ft ae ufactelt paat 
(afies) At seca cert, free ae 
ghar stata ea a sift 
otetgot et are | ATET aT SEMA 
FS STAT HLT S fee “TST aTTOT 
at (sIRGea) TATA Wee IR STITT 
fet aA are yaar at (guerdt) 
at arent cra Tee afk Tea HA 
SN STANT RH heh SI ae afetat 
tehel Hl TST TASTY TatTOT ATA 
SAM al atefenrels ach Sara TTS” 


afer, Sa ER venad, UE aK 
qasdartt aa HT Sedat A Set 


~~) 


TaSTar Gent are fered Be HT SAT cheat @, “Aad: SER aT sik farce searle cht Hers Tat 
HAMA HUA ATT S| SAT TATU. 50% at HH Vt eh @, at sa He ey, ae Heath ot aed HH aE 
wa. fee srit sft sireranet &, se aTeU | SS TA: WTR eT Gh ae get Stew PTI” 


Ee 
ik 


KE 
il , 
WW 
PSLV GSLV GSLV MK3 ABLV-TSTO (FULLY REUSABLE) 
TIME FRAME TODAY 10 YEARS 40-50 YEARS 
LAUNCH COST 20,0000 $/kg 5,000 $/kg 500$/kq 
FLIGHTS/VEAR 4-6 20-30 300 
TURN AROUND TIME FEW MONTHS FEW WEEKS FEW DAYS 
ie UPTO 2010 + ....se 2010+ 2040/50 


Fert 5: Gohaste S54, AAA FT Sa Sh TAIT AT Hah Aa aes | 


Y 


Note: Credits for the image used in the background of the article title: US Air Force, Wikimedia Commons. URL: https://en.wikipedia.org/wiki/Boeing_X-51#/ 
media/File:X-51A_Waverider.jpg. License: Public Domain. 


St. At deta faa war, fags a when frst fee, ae facet F agra eo fears 8 as favat wr fered 
@| Se fase Ft 25 & of sarer cheapie fears sik 300 ce fae” 21 a fas & Sat at Ht aad & oARrerr 


arial & few ala ake & ST A sated ted J] Sa tvvl23@gmail.com W Ath fea A AeA eI 
arqare : aed faarst 
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aficl BAR deo 3k Afar ya a 
“ j iN * 


apie ST Sh GARI Gest oh oforTa fectersarett S at denfeten aac 
START BTS AA aS SAT SAT SAT HAT | 


Hq ‘fag’ wea ar seas 

S 3a Ufsnar @ fears At oof fore verre Stet 
ore Feat Sa 1 HEMET SUT AFR ay fear ft fafty a efter we Sate 
oreo Sere efeior oablat Aa ad Seo or apf! an Rawr fu a A 
art ares Breet onfearet 81 RO rots sper @ pep fiterar-seran 21 ex 
et Yea Sac SHI ETA ATS ee neh ue a aA Sa AE a AY 
Para sirfe), fee we Raper ae TAT erat ape er 8 fe ereft ae Ala 1 eT 
@ (Sree fer fea 4 rat etm), fara BO Ot Us cake erelt & ar Hl wat Ga 
At ASAT SATs Tt S (Mer AT freak e 
SATA) SIN STH Ta Teh STAT fea STAT 
Se Uh His faery TAM (Wah HAL 
wa afaearfed tat & fea) a fret aT 
we fag Um afer afte sag 
aret S| ware weg wear Hae Pret gy 
Sra a Alea (rare: SA crete y. 
wy a) aS, fox ot om Sat forest || 
fe a ta 
faftrat At sere Rea Hae lL 
acta —> after -> oralfire faferat 


, . fart-1: o¢79d fe sh eet 
(ORHeUAT al saa a fez) -> aforat Credits: Timeless Truths Publications. URL: http://library 


Cal aT > ufcorar ar faspsur (a .timelesstruths.org/texts/Treasures_of_ the_Kingdom_41 / 


The_Blind_Men_and_the_Elephant/. License: Used with 


Oftencaat ar aaa sate & aT fate) > afe permission of the rights owner. 
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oh WAM Fa Tele, SEAT SAH HK SH 
SR B GY FH GA TA TE ST 
chiar arett at Hew TRS HE TET S 
fer erat ot tet & Ga ete @ Safe | 
st cer, fata data, fafa 
eur H, Jet dew fe fatter areravet 
4, Het BT a seat fates orcas fa 
Tal h SH Ged Wz AK GI W 
@| Alea F se via a a aT 
UH GIT GAT Sa Sl TSTTET HT 
ii sit fever dar 2 see Petia, weet 
AAA H TTS HT UA Mae Ht Heft 
Stef Var F aera Vt | Bet re S fs 
hae Tearedat ca ait ted & 
Tele GOT 4 Ge e | 


em fag Ft ga qacate ateft (Hest 
alex ateft) septa ht gat Weare ax? 
ae ferentsiat & states & area 
rier fervatt ht aerate A 
Ye std &, Saver & fere aAtfRrear 
fara, dt od fart & beste 7A 
Acat Sr Set ect @, feed A ga aT 
a aufthard etd & fe ae fest 300 
aat & wens cr epg e (SE ‘The 
wacky history of Cell Theory’ 
at http://ed.ted.com/ lessons/the- 
wacky-history-of-celltheory) fret 
faa Ft ae oreTait (aaeaiafaa, 
Sedfagm, tfcensrea, Tareas 
ait afta & 98 anfiat + der 
TORIC TICC AIC CIC AB CORRE CI 
q aane en wx faenlar st faa 
Fl GAS WR sah He Uo St aH 
@ fears aarat & oft Fu]e afar 
G cat shh yearet Ace ah 
Mfr #1 Sas F dart & ofa 
fear At aret he fayat - Tetras 
uftada ait areire wr a fata 
pat a aR Seal Se SOT A - 
Hl Ma GH-aH Ue Suet tect S| 
Ua RX TT A UH St He ST Tat 


qee OT HAle-eua? 

FA SUS AAA Sh OT TATA Bt STAT 2? 

SATA SST HRT Usk ATE Sta @ SH ATH oh Strat fart Sosa feteett at anh 
at Sal S| 60 & ear F Agrhtent 4 oa fe aus Haw 4 sa apace Al Gea dsit- 
G aedt S| fered Be Gar aeat a feos Car sat Sta S| 2015 FSAI & Aaa A 
at cPrrar fas ter gefere ae Star fee race & fore sur alae afew orzeT 
Ble z, arfag safer fer card vfecer sone aus thee Hf set ait 81 ae 
ait sae ai 8 ae areh ot ee GET aa TAT ESAT 

aa Weare Sa WH ea are (EAT aT eeR) SAT aTfeT? 

sfasters cafe = fexte, sere = staat & arated) caer Hlermrsit (acta) 
Sl AE HLS S| TSU SST HRT AALS SlaT S SAL Mhctstfees ITAL WL SATS STR 
set Sted |? 


ol Gas Sl ATT A AM HT TTS? (AN AR BAT Ga V)| FA Ma 


@ h Ted ALY ans at aa eA ea aa 2 fe ae Blase sia 


WM 


; Ay IN 


fea-2 : Hetet Bik Atesit! () Sires Ta ae wera “sfafaara a mera Ft 
warren’ (Laboratorio de Investigaciones Bioldgicas) & GeTHrera Ft (eTTT 1930) | 
BH Ag AK SAIC Mes ASet HI FAS A UH faa TOT AT AK AS cL Se 
farts ef aT | Heer HI ear H aed cilenhhs A stat fee 50 Ter sh ale BT sas Fast S 
eae @ (Ara, ae) | () AfHet Aes gre Saar F AT aT UH Tena, Ho trp siz 
BIH fA S AeAerd HS STAHL | See Feel arte feraterenrcra  AVTera H alert 
TST TAT S (BAL STE) | Hest oft cares SH Sar UH cians Aare | Sze see Al Tg Gat 
aaa fae (reazionenera) At watedt  SaaeT H orferar farafeencra srt St feaw ae 
waren fefthe 8 ae Sar at Gena ze (ATS aT) | 


Credits: Juan A. De Carlos, José Borrell from the article - A historical reflection of the contributions of 
Cajal and Golgi to the foundations of neuroscience. Brain Research Reviews 55 (2007) 8-16. 

URL: http://hobertlab.org/wp-content/uploads/2013/03/DeCarlos_2007.pdf. License: Used with permission 
of the rights owner. 
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at fas FY “aeat Us ae 
wa A ohat a Ast eae | Ae GS 
& feu ais sare sel feat strat fe 
aoa, fare ak fate eared A ee IA 
&, Ha Fee Mit Sl AM MASTS 
art tater feu a S dect AU TA 
Al CATS OL SAR SST TEA Slee | 
afte ea faa HT act SAT (AT aA) 
Hl Ue Tat & BT A oe ct Get va 
TSA FAA HLT ATH Sl MAT @, TAT 
Seay Rad oh Act A Ss eI 
wer after aA (global warming) @T 
ada dae sephth 8? at ae HMa- 
fafa 2? saa a Get gate? 


fa, WAH UH WSN Y HOS ASHES 
- Fe Gast Hl UH AT 21 faenfsat 
q age ara faafea ae ean 
ware seva ST arfel ferenfat 
& sflaq 4 cpa ak Ser 
‘sraftadaatter aear’ a ST A aA UT 
Gerd € gael Ua eae & freer 
ater feat at Beat @1 fas Ft 
wera F face mw aaa Fy se a 
Great & oe fear sat afer fara 
o Ut ee Herat HT ATP 
faASIT AX eh | See “STATA I? 
Ue HM W Gales SST AMT afew 
fe Sus HAA & SOT ATT SETA 
SL AHAT SA AAT ST MT RTTEHTETA 
sfaastett & fer sat 2? | fasta Ft 
HaAll H Se US Pale BSH SA 
SR wares fags aa 
alia feu art afew | 


fart ot sfrerea UH Sarecott F TET 
USl @ ST shia aed & fF SAN IA 
afta @ ak ae Latta aed & fe 
fears ar aed a aaa & feret 
Pifare ferrg ox Seto TET Oe PI 
Bla @ | daca fas & sheers Usa 
Wap Jaret S ye Laifea ela z 


fer areat && aftepd att Ga fea 
Wa ISAT S| Sect h AgiteH fe 
Test 4 safes & ea 4 oyeg 
apter feat frat afta hh aaa 
al Qa aM A dain efter 2, 
fae Se 1873 8 vec an faahta 
frat | sate alfstant fared H Steak 
Acq 1838-39 B AIH BTS a F, 
ae ferdt + set are ot fe a der 
da oft aiferprait a oft APL att 2 
sah Ca Wh dealers TST, 
alee fetaird (reticular theory), 51% 
Tes TET AT | aH ATA cfaent da 
ta eit dedsit (continuous Fibres) 
STATS TH Up Gea Mesh FAT F | 
Tiestt ft fafer a & dren alfsrersat 
al Sahl GAA H ea aa fed 
sed afte mad fafecrat at 
tat se ot tar om fe sea 
ard tps aa se (Ae SA SA 
a fenct By veretaraded (dendrites) 
Slt Sl) BS IH ae as | ATH 
Ses Ga aa melt 4 Tesh 
Ht fate 4 sectadta qa ferul 
gach aienrqeaey dient Fiferargit 
Ata Aa sik afk a 
fats anit F sah deed Se USA 
TTS Sl TU) Set SA UOT aT 
wad Ged 1888 FH versa far 
fared trent aiftent rere At ofe 
&e fae SAR MK & stet feet 
off Hee Sh GA Afar I Sa wt 
TeaT-steT Alas F TAT SF BK 
ae clfstent fegiet Ht Brae Tet AT 
Stat siete Reread oh aa (ry 
Test of emf 8) Arad 81 Sat 
oft careane wa-gax FH ferret Vy 
TASS Tesh Si Heer SAT At AhareHT 
fast At fia wet sit SE 1906 F 
dam BT eG fata & aa A atelet 
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TRE Gt AEA et fea TAT | 

GIS He Hl ST SS AH Hera 
Hl USA H Me eT Ue feral 
Se aT Beast B afk Ferd St ard S ST 
UISasHH Sh STST Sta S| Ach 
BIT STAT FSA BT STAT SAL ST 
Facaq Gist fear ware At sarc z, 
Ba at F Het Tg Herat ferent 
hl FART SAL SPT SR Bh Fee Uh 
Fen altar et Peadt 1 sa weit 
& faenteat or ear farsa ox safer 
Sel TS lead fear st Aa s 
aif Sat Afeas fenatait S ae 71 
aeat At der H Herfat @ steer 
Hel ME AS AM S| 

fast ft ofpar a faenfiar at 
HATA HUA HT UH AT HT S Se 
a arene fear & faut ST 
Seat MATH St Tat Vt sae feorareéh 
a act fags Ht Prager Ser UTE 
sift aan frent & are areata ae a 
IT Hed S, At HLA S, Set TAT HY 
aT aT, Safe at AT Tw ATE | SAT 
ae vet @ fee & aeft afer Ff seria 
oF SY, fred ae e fH a sas 
ta aie oa Se st Satie off SF 
farfare at | fear At ferent a ferenfeat 
Fl Fas & INF, Sach Talay a Te 
H, Sach Uae Sik oTteearcrsht at 
a A, Sk Het Hewat sat TE 
aie ast fren fet et Bent S| 


Se vee ferentsat cat aredtaer staat 
4 Sos are Walt (AT STATS ST 
a oftatta ats eat fore alata 
82 oat aa sr sttefer-sfcrenrce 
Hargatt & Gama at F Fatera 
SMT afer? FAT STAs Tarde AAA 
fafia @ ar yea & gictere 4 et atet 
wrafis oftadat ar ufo 82) & 
set 8 eerran fire were 8 


Sant Gast Al SSA SY SAAS GTAT 
AL Tora oe Pre cet S| AST 
aan afer sitar & afer Vet srt 
afer @ fos Sach ore Tet STE ST | 


ua gee fe ear ea set & feeniiat «aad & few faa arazae 21 otk 
wl SAM aret et At afar ar geitfere fers Hera es | 

GAT het h few Gas sted UT 

2 2? fen aaiftra otk fanta 

Gaal AAA G AM GAS Hl Gary 


Note: Credits for the image used in the background of the article title: Stained culture of rat brain cells. GerryShaw, Wikimedia Commons. URL: https://commons. 
wikimedia.org/wiki/File:Culture_of_rat_brain_cells_stained_with_antibody_to_MAP2_(green),_Neurofilament_(red)_and_DNA_(blue).jpg. License: CC-BY-SA. 


Further readings: 


1. Wikipedia contributors. “Blind men and an elephant.” Wikipedia, The Free Encyclopedia. Web. 4 Nov 2016. 
URL: https://en.wikipedia.org/wiki/Blind_men_and_an_elephant. 


2. Dworkin, B. 2003. Why antibiotics don't kill viruses. Web. 4 November 2016. 
URL: http://www.drbarrydworkin.com/articles/medicine/infectious-disease-articles/microbiology-101-why-antibiotics-dont-kill-viruses/ 


3. The story behind the science. Web. 4 November 2016. 


URL: https://www.storybehindthescience.org/. 


ae Sa deen sian (aw Usa safe) A Read sera feraterencta a sarsefSreht ferry H srfRtetea 
I ASH ST ATSeT ch WTF SHAT Het SU Se BOTH ste aftaely arrqafersht F StaNte Fr V1 Sones 
Hea Set HK HT Sar MTHS ot S| Stas safes rer stk facae fran S at gt aS eu S| Sra 
challa.anilkumar@gmail.com WX Beach fear AT Ah | 


Oftent aa Stier ararerse 4 fren ealsren S| Ga a crear sare, Acton fers GENT cht cae set SeMTST 
| SA reeteka@indiabioscience.org TW GFT (FA ST PAT V | gare : wea Hearst 
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2 Ipmee bbls {pars spl [elit : ovals) 


Wert At Gat dh fee Heal Haft Hat 
Fraera cht GaAs Tet St HT Tet FI 
sah are at feat cect wists At Hat 
UAHA HF Va SateHl Al Aect 
arent cht cata ait aie Tt S| ST 
alat & afta aeceracelt cat SH ha AUST 
Ghd S? FAM HAT Uh GAA Bl Awa e? 
sa ae F Rae ae AN ATS Het 
@ fee Ha Tah THe A Ha H UteishleHTTT 
cht Witeht-aceht cette HT STANT HT Har 
hl HEAET oh AAA A UA A aacit 
Zl 


qe faerie, dia atentreitecr sit saat 

Sita Saagtett + sitathrea Se ate] STAT eT 

Fat Hl AT St aes H aes aecta feu s| 
Sa Hara fred oh few feasts AN HIER ash GIST Uh 
Tegel saith a Tat Sl Heat AT Ava F ferret ssh 
MY St SF sah Maer & fre Sal, wl se oT Ft 
oat & ot et te Sl Te St Hal &H Ie Md Sl NT 
WT CAT SIIST S TS TAT SL Usd Hea S TEct SF St 
was €| fed dim earat F e-stahetiencota ara Sa 
Cellftaeh SK Hla Hh FSd SHAM S Fs SHSM Se TENT TS 
B | SATS Sh AT LAS] HAH Stahet CeMfeaw Sr MTT 
ST 1971 F 0.7% UT, 2005 F ASH 9.22% Sl ATS | 


Fea] : HR Wg eT Tet AN Aer SAT aH Taha aed S| 


Credits: Ted Mathys, 2009 AP Fellow. Location: Delhi, India. Partner: Chintan. URL: https://www.flickr.com/photos/advocacy_project/3638204454. 
License: CC-BY -NC-SA. 
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fea-2: dst a ST HRY Up ATT 
@, Hae ferret Te | 

Credits: Smabs Sputzer. URL: https://www.flickr. 
com/photos/10413717 @N08/3927456430. 
License: CC-BY. 


SAT SIT WTAa & fea ales TATA AY 
ag faferat area H at ferent ee? 
ae wat ferred 2 fe Gre TA 
ois area F at ate re Y | we forest 
aie farted et sivad eas 1905 
HUN A Sik TAT 30 SST ah 
Stem BPS Ste STAT OR HLL TAL 
Ser Ue fe wH sted Heater F 
HY Gls Al ASAT F 3 WAT SAT 
arate Feret (ater arash) Star 21 
3a Ta & prare 4 faseasia 
ara Ft austere Al ate Get SATS 
aidt @ ate fareted & SNA Sa TeteT 
wat 21 (ae fate sen fafa & a 
G at aid 8) Set aay aT 
adist al 1943 4 ‘wr wie 
ceeue’ & aa a fata ET 
vepifsra frat! sa ferara 4 afer 
dt (aif writin) Ft faferat 
F fat & ofa Sg | Sa HL GT Sed 
‘maa ar At saa adh wd 
amrarit 3 far & eo t eenf ora 
el 


sa aay 4 Heater a wet ain 
ase Fg Aa Sl AT Weal F, 
PEAT cht Haare Hlth at Aa 
tat & sragrs apr sfraroy (sterethean), 
(Stadio Fi safeata A) Fafa ea 
& sifees ferret Slat S| Sa Misha SAT 
afer Seale Heatee @ freee SrarT 


faa-3 : agmitften Fa Bienen Goa eae ae 
ferret (@) fast & era Seege (@) et ofa ar aaraToT| 


Credits: Pawar Public School, Bhandup. License: CC-BY-NC. 


Tare & eT Fo afta ft fast At saat 
with cht fet F Ser dar aRterat Tet 
Fa FISH ST Hepa ST eh 
Gl a We Up faaipa Heater 
ae Fae at A sofa sta 
feftecia areifia verat & fae 
Un fear et & ea A aig 
PUTS S| 


asa seed sist At ge far F 
Rerftren deat At after Teoh 
21 Ss fag I hael STRAT ST 
aT F vale set S| Sheil Hl afew 
fe ae Seat Ht Ae Ghar H staex 
seer cat fe be a fas a 


Sraait ht after 


BAH S Sepia AM Fe Sad & fh paw fet 
fl SAINT AAA SN Gh Gareth Hl OT ky 
att & TUT BT aetene fet At Gea Gad 

SIO, Scat St HUA ael! Fa sag Sad & fp 
ae sed sittin ens fees & sa Ss St att 


wri at ot saarT ae stay ferw 
SR wast & few wH sarer fears 
ae alata fase Pia at Bead S| 
Geet 4 oaths BTS HEGS TA 
Yara F feat ae a seat HY 
BS HA oF AAA Galacor ae Sa 
Wlal ch Seq raeal Hl GAS A Wee 
fread | serect & few, 3 ae at 
fem feat SeER araftes Gerat at sez- 
SR Taped S TAIT SIT VTA STA 
HEGRE oh STL Src Tre a 
F HST GATE a ST & | fereTest 
aeret peater sh at F arena 
beard A ft saret Hea afaa Bld 


war da freactie cenit stars ®t 


a urd & seal ue fee sags vers FETA 
seafsta aed & fare aeff-arftet et sat 21 
ae aef-ariten wre a UH Sat ald fre Be 
, St tet al as Ta & afore vert wd 


MATH WH Farel Sater Hard z | 
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@ | Sa Sha & SN Sel Ge A SH 
akar fo Sa stad GRANT Sik SATS 
4 atcarn, frac o Um Fecarel feed 
&, UAT aR Ue S| 
TORR ICC ORCICECEICL 


wat (Ot dee) sik sts Ft at 
ufvat a adfecaee Sa HT Uh 
TECH LS PRAT S| Ae THT AHA, 
fepradt Sk qaet Hea, Fat a 
fraed apt ua ferme ater arte 
BT esl 


BA SAR Ha FT aHst H al saat F 
araee Sart & fare Ueantian 
Stet (Sat SASH & fete) Btx ag 
Pl SHA AT SIA S | WAS THT SL 
aaa & ale HT wm fare ferred &, 
fare a basil & arr atest fet st 
Um we fares aid 81 Sah Te st 
Spel & aire S ore Seal aha BSH 


fear Aat 21 THAT Hl UH SX HIS | 
oft Gat arat @ af sat wa veref 
qe H areantten Get a sel TS | Sea 
afafte ofafer sa araatt F ater ort 
Se Sat & ales saa F cat fast 
Tate BS Heft at we Sit Gansta 
a Sgt oer ard ard er a ae 


apeaitar sant oldest a pet sr wa 
fecare | ufafer sfaee par (haa aT 
Ha, atte at qet aherat sik Het) 
al deat Sat @, Saat asl ast fea 
STAT & SA FRR Sa THAT A STAT STAT 
@| St cel aaa G He HAS 
ade & Pere sat 21 Weal ah 
FW Brae Al dle sar @ Sik 


fr. 4: SE SE eR RST ET SAN Heil sr 


HEHE UAH Sete ST (@) reat dee ge 


Credits: Pawar Public School, Bhandup. License: CC-BY-NC. 


ed: ones ua are ates a aaa | fers-6 : aes See e eee ; 


Credits: Pawar Public School, Bhandup. 
License: CC-BY-NC. 


fara eet @ are pail #1 Sr 


Credits: Pawar Public School, Bhandup. License: CC-BY-NC. 
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UTAH HU BN HPUNS TAT Oh UT HOT 


_ AY HT Ura! SAH SG Teh catch Midas Stadt CTAT 200 fercaTA Ska AT 

SIT ALA S - AAT SCART HST! As VS fe eT HAH 40% We SAA APT Fars Sle | 

Cae HALT HEGNES TAT SA SAN SMT ScIST FHT AT Seat Hl UHH FST AAT BT BAPE 

fartardept att fears atte 6 seer Het F Aas ae S| 

. da A aaa | carat sate ater St stat sel Viet, Heaee aT S| 

. Pee A ere Hraiee Fecal yen varel frst al arae aea @ fareae Fret At woeaaT sik 

SAAT Sat Ted S1 Seek, etal wht FT Ach SM act Ue Meplees Sate SM ch aT HeTTES 

Tea eh SATCHT ST Ui VST HT ATA Tat S| ATA Vt HEAES, ATT Pat ST aL ACOT aTAT 

F SAAS Se Teich et St every ara H it qa HAT S| HrslfAas Gerel Wars Hes 

HET Te Al The A MA Hea S fares THOTT erat ack Stet | 

_ Unfeeortcreht oe BAY TATE TAT A SHAT | 

e@ oft ase Tat Hl Ha MAT S| (SA) Ha Hl HAT Wa Lael TH Uae Hl Ae Tet 
SIS SEATS (CO,) StSd &, BK) HraeH Har apr sate (fear sites 
oh) faced Hera The sare 8 | aes Uh Ue Htetse ea s Gil chro STSSTHATSS S 21 TAT 
FAT SUA e | 

© Set TAIT HH LAT S| (St) Tea SacI HT eae Sle, aeat SN SAT A STAT 
Tera (FT) A HNT ATs CI a aTasit At spree setat Ft sffsparsit 
HERAT a4 feet Hea Aa Set Sl Ta HK | 

ATA AY TAT | ETS TAT F SAT 

© HAT GUST SN Ukaet FA Arch Se SHIA Hl HH aed | 

© FEIT AAT Hl HAT ATs Caer FX Cad & AN SH ME TAM HAT WAT Ae HT 
SHarenret Sere S| 

e Siam wear ame fist A fear 2 free sre atk Saar 
FSA ST TT S| 

e ort ar dear eat @, ales arate] fret Ft 
AAA TAT Bl TST S| 
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Sat Ara ale ae oh set 21 Feat 
Al Mah Fa Si BETS al ders 
At ufsmar 4 fhe He a, ea we 
Ue Tat Hl Sa Srersy Sard & fh 
alates Hat Hl BI SA AN le 
aaa cht ofseat & eh feat Ha eT 
TAT S| SaaT H AK UW BAN yaa 
amy A 250 feat sf wat 
40 feectora ettennch Taaat GAs 
stam Gre A see Tar eat AT F 
SH 50 farts arate faett | 


BA HS Hh BAST SAR hel 
aferat ar tera savant Ft wate 
& fee aig tat ae vet ST GST 
aa a Se Seq Waa ae wre 
fear ast Sore weet aha & 
at ff ae a fret me et oe 
mga a? at we feat & wet 
faeref sar fastsg & artes 4 
Shel & sks F astact wet Us tT 
afestat aife sid S| Sa Sd pet A 
wars We Tle HT et STAT fea STAT 


Sl Sher H HAA St Trees sft 
Sa HPUKS Hl 30 waw ule facta 
a Xa alle wad e1 Geet & a 
alata + ae wre widt 2 ae ga 
ara at TUT ad S fee Sah STAT 
SAH ENT STE TT Het Us Afostat Ft 
TSA, TT, AHN, HRT SH Tale 
aiid adiad a8 fre Raat ae 
aerihez at Far ara Baas & rw 
area fact caret Ux Ure Ft CTSA 
weft tect S| 


Sq Gad ISR We GAA HT AAS 
fe SH MIS F ST HANG TA: HIST 
OTe x are | fererrelf, fSratee Ste oT 
& Uh Aaa & BT A ge YES 4 
ea ae Fea aera fee wfates ea Sit 
alah HA SI Xd & aS ITT 
FU sees Gare 2 a fee eT’ | 
Fel AA ae vereefh ga ara Ft 
ante att & fe Sa SU CHT 
Uftet & arat et afta F ua wel 
at site We Up Heater yered dak 


fare | SAH UH AT Had awe fh 
Uh I HEMET ST HUT BPS ST TT 
al 3a SIM Gene WT SST STE 
Slat S Atle SAA ATA STRAT AH SAN 
HAT SATA S| SS CaS_AN Ase 
7a Seer 4 ora RRs dat 
HATHA Sr LPS HLA HY VOT STS 
farerht SH Sete oft | 

fret 

SURAT Sd ATT A Us Het BN 
foamed @1 cHet eae oe ferenfiat st 
SIRS SAM & STATS FMT HA 
G se sare farter ak ifthe 
BT & SPREH SA Fae frrerdt 31 
orrst en fare ahr A We te 8 Fel HT 
seal Ghee ert fe “et, AY SIT A 
etl” 


Note: Credits for the image used in the background of the article title: Still life on composter, allispossible.org.uk. URL: https://www.flickr.com/photos/whe 


atfields/2257331369. License: CC-BY. 
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falar stoi fth erect aretot eect e Ee ree eee 


“CEQ AE SK Ug Ae, FH ST US St sale AK ec S, SA OT Ses ST ST Sa TT ST & St Ae aa fea 
HME Pale dona cht Ea | LOT 


rifeay Sree) 2320 ates - 2120 ates : HEIRS Ure AM & wae oeleas feted gars Fetter 100 ates : sat sa & sare Br wait 

HES Ge AMT A, AMAT & Ae, THe HIS Sik Gansta, Fist (STS FT ST) HUST BE Set Spa TTT A ot Ho frat At fefepeat ae aE TE | St a ore Griese frac itt <tet fear tha SrT- 
aan apf grt Rrepret re sre Seen stake ar aa err Peis SOT | | fefepart cbt aot ferserareg & Sk H Sara Go Ta Tet | Caer arg? Pret 5] are weet wet fiefs # feret ae eet At 
sae oRoreaeg der aa areft aetiee wre sitar ash aL AT aK echt 2 - 3000 arate - 2000 ates : sa-galf Sifter tt fara, dread weaned sets & aaa aS Sst F ax Racrach earch 8 fa arta fit att vag ne 
asia ameafte varsf acer 2, fx ara sfaenfat arr 3a sree fear Sum, Marae a ore Gonfern area aa aT read Sh ae er asa cast eefeat, IHS, Sam Ue, WI Ais h ara 
rar, fet saa ait asta veref fer ae 2 Sat & He, fest ser Sea, Sea a HY fererrene aR St rae ware sas aT af e ait ana sf 38 fits Ste serif ar 
amet Ferm eaten asta Prefer ase 1500 ates - 400 atehg : ade site orereiae HRA areal fered B st aera @ Re ora area a ft Toa HEH PAST ht STS TATA 8 

és ace coo eu Alu aa es la I al ue anaL SL 77 TS: URI SLR IE IG 

5 eee Tere ane , dirs tattaatectres asta? sdiianhariim ay #1, port fastest arm afer are a, 

“ dcr art ® = = viva & oe aor a ah site 38 eH ret & gh Rare a 

: ig Yaa eg ae AYE AT aT L000 aiteitg - 1500 aiteitg : ormdianr& cardia Pare star & eta 3 waa ait & are ener Fea eT € | 

Hea TTTT 2 2 foray eave eu, a ae areal & ait at aul ore fear gee 1 sel he AY sae alee 2 fee as A Hla] 50 afteftg : tar aer ara Pe Rewsittgr 

¢ TARA SSM aT wa aT aT al Aare Geet Tart fear | sa treat F he, Tet SreHR F art we fast tk Gesagiit a PEARS Ge SA cA HLST Al AAT HT 


ead Sl See Terr aia wea fear a, 

ee FW ora oe fer me oy fe fra a 

saat at eer 1 ycqavs fear ora aT! 

450 wet - 510 wet : Gofeae FH set ad a 

we fect as cat St tea, SN asses 4 
* fora me franaifrar ate, edt a as est & 


Seem verett ar fren fear Sat at | Set Sa SA OR Ste Brat at at Sst Ar fst 
sueh Pret ah guar ary Se wa aE we awe AUTH S ate eee rer ara ar oh ara es Osetia oft 
(qeratee Serhan) TE AT YR Fare or fas earch Pel yea ai AGA Sh VU SH HEGNS Tare @ See TT fret SAT aT 
aise der at aa safe erie wre 362 Stes: Salem are ohare & faa we ferent le Fae sree raificea 
j a) Tay A west Vd Ht ress HA oats Het Bart AMT & sha HEARS Ge STAM ch GaTa POSTAL Taal HG Uh S| Se Paar rarieromtet ater 
&_ strate 10,000 are Ted BE oft | atoTE, Hore & aara ae auld & Pe Vat areas vail a aera Se are sar aa oh 


wer samceen >) 350 AeS : gla wera Saw At, a gant sik der, Sai are cin Vt ™ Bonet Settee wet ot afer 
bolliboplindlak ab iB Ue GU aaa aa ee ee ah cu . an @ Sah Ge SA & A 2 
ei ee ee ; ye aT ht stare Gls SAA ch alshT At STEHT ohh | Be Mea TS wT, arin ait age i ta Ta a 
a EER DUN Saal Aan A casi foe ne aT 40 See eM a aT 200 wet - 1200 wet - and a — } ) 
eso ae ate) Sat acai sem cuma aay 160 ate «wee tenftge die sre he cifeiae Sara ore rave S toh eae (Se SLB) SUA SRSaSIRY St 
SUS HAS Ge SAK ol Hecht Alora SM START Se ATRTE FTA al ceaple & farsa Fy F pedis Ure sad GS FST Senet spr avls ferear S| SA STAN, fee afattsra eT, stfere 
feed ar Ua Sart ht erre 2 | art, fg, mada ait sea areal & wer ay ei orate $8 fae, a, Soe ferarg Site 
HAT ALA l 


Sat & Wiediets TAT SI AIEZIS ST 


afm erie ure samt ait Sf are dare Hon Vat & ead ates ait &, ART STAT mT] SHAT AeT AAT BH Her & oe SA areht ge re a ae. 
arena (sigetetie) feed ae ferara & fee 


SA TL HSL STS HT ATT FATT AM OT Ae AA SAT STITT Uh Sea ert Soft A srt ot | gat, AS SK Set H Fer S at le Hl at Gas fpr 


fren Set om | gafae arine re sara & ait fons arf aga aH 8, ga STAT aT, cifeht Hala Het aS oe re Uae Asa St SAK Sa ATTN, SEPA fary oral H fairer eat H apraiee re arg Sct 

rae civit  aepat aie ata 8 gs crit wea age Bas Brea | cSt ate seta ae er Fe are a) agar ae as aoe othe arr Sa eae oe eee 
sare at oft sag freee Heats ware da At aire oft | ae vecht frara @ 71 Stet feat STAT aT 

SE eT ge FT HTT AR a TT Feet At ar set see ate ware wa Be he oer ea ee aT sdcarae | 


BIOS TTS GA ch Tel hete ST AY THATS 

erie ae aaa saftrarier saregtaen aH Sa TSA arene S, Fara sree Sia ates at tad Bias 9 referee TAS Fy ATH TH ANT H FA Teale ST TAT HLA TW | 1930 H BIH BT H, BHT 1940 
om, ar Sacet Rates area oft (1905 Barre a) | ae ale Stas Se ge Teo a Hee oft Re Fara ae “shret ae aa eae Ba SIH A YRATT H, SA TAA HT THATS He SHH SAAT, FATES FETS, AN IH 
TM S| Fe Ge sat are Fst (AA) Ta Hea @ sie fee ae al Gls vt ars Hear e”, set aE RA Se la & feraTA Tse Seer A ATA TAT | AST, Ge H Stren Tal ett et AM STC, Fay 
areett Rig eet SaaS SATA A oa a Peer epee ear aeteer arse &, Sar fe onan aati A Sear saa” weet, SPAT HEH chet S Te SAMY oe I eHT AHT STEAK A BE | 


WAT MATS Us Taras Aahch S| SS STRSTR Aeay S HAST AT S| Tala aesreelt Te Ss Sh SAT 18 Aer ch Hae Te, Tea a AAAS Ach Sper F Tatars Tera, Bie aca Ho sisite Vash ferafereera sh capt 


site Steric i afar sears #1 aS GRAS sea, area At aeeT At S| oeraTe ; ea Brat Givers 


SRR CRC ICCICRIC! 

al HARA ad z, 

* stad aroft Sarr wap 

aft feea 21 df, wat ard 
aut ae arat @ ff acat At alt 
ope Ss Srl? ay, ae fem Brad Aref 
at ada GCS SI TTT Teh 
fra vent weet — rade we Std 
fasts dail, STRUT aT 
GET Sea H HATS F | SA Maret 
& Wats AAS SRT AM At vite 
TART, Ue Ashes APT SL set ATT 
ale 4 fied e1 art stad art 
fort cre site qoaatterc setter ett 


serene eee arf fe 


Ufaar arsrt ik asta seit 


%, eed Fe Tarfaan & fava 
At aed St watdiget sie afrct 
fare art ar ofeifercsr 21 safer, 
sfaere & at FH sieat feet faareff 
& faye (ACT AAT S, SAT Vt Wah 
Bree & feu st 3 | 


oY Wikleden Sale 


Fe ATTA fh, SA SAAT Al SPAT 
Hl SAE Vearel HS SATal Hara 
o afta Marre & sar &, Ure ret 
a aeft or tet @1 gale fata 
aaa T gt afrareal Haat At 
Tea et Sh SH TAT FRU g | 


Fea-1 : siren fcten aeatt cht Ue referee STRUTT | SET SIT SATS Tg FS Tee Tela Yaar aH, 
See Arad At ST Woh ATELY RATA Shel ST Senet C1 clas Tepheten Aa HT AAA F 
Fe rél Haak St | Serer & few, safes at saftatd/srqateata sea: TH SK sus at Praia 
apedt 31 ort Al srqattertet apr Sarg at sary Sta TaTel | gel MeN, Cael SH Sed Bh ATs TE Hl 
SGA SR SAT Sl ASE HA oh PTT, Va AT aT fe crest Geet Sie sata S Prerent Tach ze | 


Credits: Tejas Joshi. License: CC-BY-NC 
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Ua et Um vara 4A aR rafts vera 
ae, ag, fear sit yedt Ft year 
Hl | SET tga Gel A Ue IR aca 
Sav, al SHIT hh aca Fl VS 
fear 4 etic aftarel starsat sar 
wp gelesen, Pbe fade arent 
H, Ga A Val AT - SIN Fe aca HY 
offend et Bae TRE TATA 
G Uh sat! Sa aaa oft, sa grata 
TaTat ST TANT Mephctsh Tear ST Ste 
freprery  fere fepar ret ot (Ferat-1 
ad)! 

affect cs afeal de aed TTI 
cafe, tcbieet ifr - 
HT CAAT ah YaST) BH FHL 
AryRaa a, ait frcare H, weit 
fant A owt & ukomaeg 
Tara deat At saeco F art 
FSCS STAT LES Sl TT | 


Wearatee aed FAT Bla SP 


Tarai acat At Ge weifeerfar 
Het F Bl Cal @, Ta WAM, sitet F 
WM ae art & ae hed te a 
alet AST H Hla (Alea) Hl Vat 
q| 


ora caret H At att atasit - SAT, 
TA AAMT, WAH (lst A SATA) 
A A AMT Al Gat a! Var saferw 
oft & Gaal @ Killer sad S aes aca 
wrpfar So a afta Fata z, aT at 
Re (afer) Ho fee aeHES 
sik siege 38 aacat Hwa Fi 
Se, AIR ST ST HLH TT Ht 
& aa Carela) At vee @ aA 
ath, ster @ stoafed feat aT 
Ga e| ae ft aeva 2 fe wa UH 
AR Schl Gs St Tg SMM, AT Aa 
fee sat soatitran at Wert + sah 


a A SN Gist BA AT Wicares fear 
S| Ces, SAN Tet SAAT GST, AT 
fax acat & BT A gach Vea SM, 
at & St an F ecards FH ATE | 


ga aay dat or sftera ard 
Ut Heal Se] Sad Sree AHH 
h ART BAT (Aiet a ATA) BARS 
(ATT) Se alee sar wetles aA 
Tat ak editeit gaat fafa aar 
sents cara  AeaH sh ET 
Wed We ax ct Uo, He 
tercbftest a cite Salt srs St orga 
(Sa Feel) Hl AA F Faerst Hr VAT 
oleh SA UNA Tea? Sl GIST RS 
fener | Hee aT ob Uersbhtreet are fae 
Te sel Vara & HRT et toch, 
sae ak faa Sa hs ST eat 
HLT By | Set Al eter fat TS 
& HPT H ATA HT facHra SST, BK 
ots Hera Stet — ARH Stra, 
aresiacitits area, arefea arret — at 
oft Gist Be, Sik ga Gat At are F ee 
oreitfres xine a aga meet sft 
TE Sl 


ofan, ferdt aca At Gist ar Bae 
geet feta fare 1669 aT 21 fre 
acd hl san avis frat ware, awe 
wrIeEke, freaht ist WAG Be sit 
Thikhel I Wah WHA ald ze | 


Ble Ae Ga S sa Hier F He 
Se deat At lst Be ert, oe SAT 
fe ga a & aftaca a varia 
SAT Af S| SH Bret ah Uershfincs 
waetate fate ax aed otter fsx 
Y| Sah Bera, sat Gist S se 
St aeafad safes cy OTe St Bend 
J, Sah Ted Ft aret hes eu AWA 
al SAP A A eet fewer seed FT 
SAT Ades Fe ST feb MA Hh SCTT- 
Tear US ted Al Gear sifep aft 
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AR WM al fare HAS St G aeT 
el oa | 


wrathte fart sit act Al Ag 
STANT 


aeat & ae F eat Bra F Geet FST 
aac Gaedt erect F tare Stare 
& He ER AT | Set FT aca Fr 
ta gare & eo Ff ofentie fer rea 
AK ale Great F aet ater ST Gea 
aT, A seq acat H ara fear 
ae fiero (sarst & atte) ar Frater 
al Ghd MW) Aonedt act FH sad 
patter, wep tice BK Wear 
aa Sa aatat art feu me 
faeqa arat 4 ge ao at ore 
wea a aut feat 


fara aaa Sect 3 atadion At att 
At ST Se F Gerry ot, Haftessr 4 
ATT Sal AAS Ua Bq sacrastict 
Te Sl GIST Hl (Sit Steet BN aT At 
aififiran ant aadt oft), fra ess 
aa fear wat) catfsrt Al ae Gt 
ater ar aear oft fea ott sa Sat Tat 
Hh GIT S aa F| Baht ae GT 
HET BT FAT MC Aca WK Veet 
ast sree oft | Sale 3 cara 
attra F sa eet at 
aff vata fear sik were 
afafrarat at fered ar stra sft 
fear | 


BTRA-1 : ULATOT AT BTUy? 

ag anert Ft ara 8, fe ga ana aaa ah arat & carats ga ero, aa 
satan & fergrad & ait Few Ger aT AS ROTA cen ar Fea ats) 
Sik feat separa sar FTA (STS) Tee At venfore faar ST | WISE HT 
feax store oor at seat @ fe ata ae aft St, ale aftr fare cara effete, 
Ort), Gar Sl, TAM Teal (SSIS SA SHER TS) oh MATT RTA BATT (1:8) 
G fctat GACT S| SISSISM Hl UH Bay ch BI Tad SU, SN UT ahr Ver 
Terai Ht HO Ad By, Steed +t fey Penta fe sites sar GAOT 
FIA 8 Bla S| 

Teste trea staan A ett arett Terai sah isparstl oe STH ae TS AY, ST 
Seals TAT fer UeHTYT faba aca oh Hite cada Safes Ta let ASe Sle SHUT 
ai, Fe HSC aet Sees Pens ar, TTT AT sifeisaa & ae See 
Ay safsrercon S ete Seas ar | se TIS HL Sra Var St SAT AeA TAT 


fared <atupstl? ob ferare ear setae fare | 


aU deat at Gist 4 fare srfasar 4 
Uh Sen wfc Fug ae a, 1800 
H alee Het Al Caar| aleerg Sat 
7 fagd a, sik gafae cera 
aaged ar oft, up fer ala ye 
feral | SAAT AIS Tet AHA TANT GL 


ame deat ag 3 | ea gaa e 
fie cara 3a ere oe oft ase aera 


arb StF 1807 F frat aT aa Se 
sacht Gera a dee sfifarsita 
arfeaa sit wefan at yer fear 
at| fix are 4 set fat @ ae 
afer, AAisraa sik afta ae 
ST ART aT Aca Fl AT SCT feHA | 
OfoTacaed, aad ars arefsramt Ft 
FPR FAA A Sea Soha SSA 
al deifraa, fate sik septa 
afe Al als ae 4 qe) $7 | 


Bea cat at eat H efikeie Vt Tat 


ataa-3 : acat & frm (eras) 

Slee deat al aif ae a 
arftreniar Sere areas wile hae 
BY, cileet gah Veet Ht ga araeey 
4 oe serials vara ee 8, fat 
TAA WH Stesat aT HM Vet 
Sl Sletsat art feat Ta acal wT 
afin Al tera GST Wz 
ATA AT | SVIA AEd EU (SAH SA 
BAS & Ad) AN SSTHTAT ch SHH 
Uh We & dt deat Hl BAS FATT | 
Fe Ue STAT, al Sela ea fear fe 
SPT Aret ea FHT WATT] STATA STAY 
at acat & ZUM & sited ala 
at A] Sey 1829 F saat “eH AT 
fram’ veprisra fern, frecht adtert 


FIA2 : eats Fe Hat Se 


Credits: Tejas Joshi. License: CC-BY-NC. 


1843 da ta aa frat Ht wears FX 


fou ai fer ot gar! site a at ae 
SHOT Tet UES Vt AT! See 
fery, ara 8 ape chsh Sik Uae tare sft 
Ths FATT! 


aeratt & oar & safteet adt & 
anftra ast Fy Wa St WATT 
SM h at F oft aMarhkar a 
fereare St TS AT | S SAT St Tae] cal 
a afin et & anit ge wart & 
faery dict afer se | ga aasl 
ii, aefieeli ed) une iid steed 
arr shared TeATyy ered Ta 
G HSTAMT S| Sees ST HEAT aT fh 
Hel Mal @, GF faa at S| Sah 
ga fran 3 fe « feet aca fasta & 
eel GAT] STG SOT, STH Sik 
TTT ATCT H Uh SH Blt @, TAT 
3a & Heal fared Ft aK 
SAM SrTeHiSe fea | SCS STATE, 
fret aca & WATT] RINT ch UHH 
adh Hee cht SE Ted oh SETA At 
ae F SEI MT Ga aT | sa fa a 
Fe Ta ST fe eH feel dea VATU 
soma Ht ToT He Hed 2 Secs 
a asta Al Seater Hr aka Set Sy, 
feel Ca Sa aca Hh SOTA & TAT 
3a a aft wort Fl, feet STATA 
Ged F ad a aM, Bet aca H 
aa SAAT Hl YaA CT 
fet SISSISH Gl Uh Gees ea Hh BT 
Hf Sedat) | 

TAT] SOTA oh fers Bik Seach 
fratr al 1800 4 1860 & aha & 
aie H teqder, wafer cattgh, 
aiferra, sat est AN ee east 
Sfsit ert se frei frat TAT | 
aifra + eet aa asshr 
a gece sedis at fear, ak 
wt Me Sen, seat A sassy 
ATASSt HT BIST a Trarahe 
fasgaot & taeth al sit fereda we 
FEAT | TATU ROTATAT SAL TOT SALT 
feru feet ares Hr Suan et FI ae 
Ufererferen aot airst Ht st STAT 
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Ad Ee a Ed Ed 
a4 : 


faa-3 : ~etuse At atract Boh eat Ves ET Aca Bl rated Hed SI Sada 
Hl ea Het F —etoSe SAT ferar TAT UTeaT MAS SA APT HT Ca G LTT St SAAT z | 
Fe (Cl), St Fe (F) SYS SM Set HA F Strss TIT OH aire @, BK aS FAA 
SA Terao TOT BT St TaN SAK S| cies ae Tea, fe a Sa Tew St AAS (Seis!) SAT 


foear @, Uhh are H arf SsAT | 


Credits: Tejas Joshi. License: CC-BY-NC. 


aft ordt S1 st sa THT & fey, 
ais 12 Bae (STsalelt) FT 
Saat feat Se eI 


a we, seftadt adt & ner aa, 
amet 60 aat Ht as A 7 
at oft, Sik Sah WAT] SeTAT 
Hl TOA at ST AAT eft | efepa, sett 
at a amathat data agers & 
affect ft carte BT S Gar set aff, sit 
fret & fre ff aed ETT et aff 
an, Teaeht soars & oat Tae 
TATRA GIT FA TE | 


SF GT Ht eX HLA & fore BAHIA 
TERT & ATT SAA AT SPEC 
Uforreareg vecit aeaisca aie 
acdsee, WHT 4 1860 4 stata 
ALAS | PATTY SMT PapTeA ME UAT 
STAT Al, SC SAAT TAT RA 
feru, valttet At oitaaeaat oe atten 
BH THIN Hl, $F HHA A EIT 
feat Tat | SA WHER, Ale Hr Tew 
Alferd Sl SA ATA Ft Acad SIN SAH 
Tt AL A Sea AT AS AA WT 
fart ae & few Tez sik afer 
varat ft fa Stet | 

ara a Wearahtes TOTt A aaa 
(Periodicity) 

1860 Ft Ha & are, ae acat FT 
seat ret Het (63), AK Bah 
TAT SAT, SatstehaT BATES ch ATK 


Fae HeT 4 Sa TMH Hl ae 
aa & feau stadt saan wee fale ¢ 
feu 2 

St VSS SH Ae Sl VSAM HUF 
are Tact oateh a, fer eat sh Taree 
TUT HU ATE AS SAT SATA? Sle 
Sl Sa FUT fos SAH ASH BT 
TRAN STATAT (SA SEPT + ATOTAT 
at fh) & ma F opafterd feu aA 
Uy, fret sth aca S PSST A 
Ot Sa HH UW AM ATA Tes Tet 
aca & GAA eT (Fera-2 SE) | SA 
itt Sh Sts GATT Slt Hh HRT SA 
SAS ToT al <srweat er PSH” ATA 
fear 

oi, asa 4 deat hb itn 
ait Tera Wot Ft ast WATT 
OTA a warar fax fener, Sa Aste 
a Sahl ga rae Al es Srare a | 
AN Ua St FI UH HRT Ae AT aT 
feb GTO] ROTATAT Bh St HET SA HAS 
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STANT FHC ST VS I, SAH GT HS Meta 
Y fara SRO Se Ul F eta LITA 
wR te feat Sat A) sah Sciray, 
actose 4 att aot Se Aa Tah 
Tet GIS We deat & few ware Se 
el wrt off | 
Huseita A GT Veet HT eet 


Sette etvse 4 Strada Al TSI 
at oft off, at deat Ht atipd Ae 
h Sh Wie aH warasnfeat 4 
Teficat & et fer, frat aste 
foul fer feet avecia 3 cect 
1869 H, sit fx 1871 4 aad arco 
pl STAT GET eprsta feRAT | Aca 
& Mfr Al Sahl St Peat sik 
Uftepd craean + fab strat era 
al TATATT Aes S TATOT sax Fea, 
ahem alta Ae b aa K te 
AIS aeat H Vl & SC A Ta 
aff cea, 3k Saal STE AA & ferw 
araft F tract oft are! 


aad anoft & fara 4, Avecita 
1. Feels am sag TE Cae 
asm srt Reet Te WAT 
sora Ut at fake vet oft) afer 
Serr alfteat & cat H are feu ae 
fasasor ar arqecor fener, cera 
ST 8 GA AT Aa Teal Ht VSI 
at, an act Ff sai sacar 
qT See sa wees ward at 
waft dt) aera, se sa 
SIMA Sl SATA HUH HE Aca 
TAT STATA IX ATT Ht SST | 

2. tar ara @ fe Aveda FT we 
We STRAT st Wes Att a wT 
Hy feat - feet faerat veel Ft axe 
fara eet far at at | safer Se 


We deat At Gat 


TSO 
faa-4 : deal Fl Gls aT ae 


1800 


1900 


1950 


Credits: Adapted by Tejas Joshi from Goldwhite, H., & Adams, R. C. (1970). Chronology of the discovery of elements. Journal of Chemical Education, 47(12), 808. 


Raced & fA AAMT HIS TAT, 
an fix sé fats at @ pater 
ape Ht SHUT AT | SA cat al ATT 
Wf aearad sik afte et a arated 
aa (Rae et at Ft areft F 
aftferdt @) & ak F Arad BU, Sel 
saht afar aes al aaa 
TH, HK Fed Sl WA FOIA Fl 
afast eo Ft var | 


3. WSs Hl SAH VA WR SAAT GS 
faare on fee Se 3a aaa & aA 
HH AISH Slat TATA BST (SaTSLT 
& fat, AYR RAM SAAT W 
Se Set Tesat Ht Tas few 
CISA: Wed STS Ta TU eat & ferw 


A: TOT Pl at Sahl STS Tact aT 
SAT Ae FTAA SIN aS sre H Tet 
Tao SE | 


4. queda Ft ancft ft, aevacar 
Ht STEM sa H fre Bret a1 a 
fath warett car a aet ets Te gy, 
Sth MY AAG deat H FAT TT 
al aad & sab aH vt eee 
Tm Y (aret & feu, qweeta 4 
weiter & ead-sert TH arch 
Uh aed & St Hl TAMAR CA, 
Se Se Wart Uae eas eT | ae A 
a dea Al Gls Bs sik se Afra 


amy feat ta) | Avselta At arott F 
STACMT FT BK deal al fhe HAT 
SEY TAT | AAA, FAA AT Acat 
Al Gtst Hr art gered fora! 


Uh TS HTS Ht at ae @, fee TTT 
sot aaa, qecta Ft ano & dee 
fedt-sterdt stad aot ete Hax 
Ent cada BG dae Al ag at | I 
Aa Ua dah & fa’ stad arth 
& fare F sah artes & few, ae 
A, an queda & ara St Ha fear 
Tea | Hat AY areal F Saray SAA eat 
& atfces Wo, Se fos Sach VATU 
are, Forfa Ft sire a | 
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fea-s : ear stad anit saa fia fee cent oft? ga faa a, arch 
Be Th SANS TST Hl UH Saree fear TAT S| AS PASTS AH SMT 
aan Ft ng afta aro 2 | sa after art & dha 4 eseisw @, sic aw 
S) sitadtargs ot vara 3 | afict sit Husell AHR Tet TAA AT TNT 
4 S- 1862 8 Mrenteat are whet oats GH sa, Hvsett fess 
ST UH TAS SALT AT | SATA ATHY & afer ae a US ST TERT 
Sant ard & faw arch cha H Sieea Ge Hl el Sa wea S — 


http://www.meta-synthesis.com/webbook/35_pt/pt_database.php. 

Credits: DePiep (Own work), Wikimedia Commons. 

URL: https://en.wikipedia.org/wiki/Alternative_periodic_tables#/media/File:Ele- 
mentspiral_(polyatomic).svg. License: CC-BY-SA. 


CHEMICAL 
ELEMENTS! 


eee ee teres 


1. Wee ald, UH shih yerat 
fercnre At ara & sre feared tet ch Get al Tedd LAT S, A Sar AaTPeT GaGa UAT 
@ fare sad aes fear | ae cre sat Gla Beet 

2. Fs FARK Ua et, afafate-srenka, set stad art We F Gera @, sik Fay TAT 
ehd Sh ware cars sft few eS, fies Tse HT AM S| 

3. SAT AA, 114 SRI GAT HIST HT Uh SHS e, RC Ica Hh (A UH HTS | 

4. oleh are AK Faia, et Hrs H aca, Wah a “aa HUT e’, SH ae Tsai H Gra aay 
SICH, Ser T-arerT ferrarereqal G sect sees SHIRT ated @, frre ae A sara fereare 
Oda KM Bad eI 

www. bit.ly/Imtce % Atse teat F sarept Rreot ob ga SAAT FH ANA foeqa aula fet STAT | 

SAH ATA SPT SA ST oh Fe SATS eA AT Hy STAT aa AT STSTRtetsH at St Ty S| 

fera-6 : eet an faa fret hex F cae fee ae rar Gare | 


Credits: Tejas Joshi. License: CC-BY-NC. 
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atera-4: alt 

a sa ce & faw, sad art 
a a8 fir aise att da-srrenica 
Gilat HT Beret fear @, Sacht UH 
facdat att, sik SAX ERT dae 
fou 7e aes ert att Ar srr 
SME, SF Wea, WWW.bit. 
ly/Imtce WE Sere “erates fobasT 
we frarisr ass Ws & ded 
ae Gad el St Gla al Hie ot 
ae Gad z| 

Ue eet He Ke H ct & few 
Vat Fas sitsy AUT 
few sara Tat Ml a Baa z 
fer Sa G He TT & ore rer 
& oeat Ft, a Afet Bo arett 
sense frat ved Al, ETAT 
7 tl et fase 2 fH aia oF feu 
TE GAT HS HS TVA St SA 
ATH BIH HA F Has HUT BN 
tite oft Het) ae ferdt oft ace 
Sl Aha e, Ae sarah ferent 
fee aae aad ht afc ferferat & Sa 
Fal, $e Ge G dha & fara sree 
Arle & Bo Ff Sy, Al See Gare 
SoM AK Talat Hl Gis & few 
UR Het Sg St | SAI Te Ahead 
Tere oh Ge & Hf eT HTS 
fare arth faenfeiat & sta stra 
Gof Si Sah deat & ae A ser 
Ter att & fry, Gere wesc 
fergat & BaF gedare He ed 
aan fear tear 2 | A ae attest 
Uk SATST SET | SA AN F faega 
aiant & fera att fore | 


Forel Tet AACA : AT acal GT 
SUN BA Be UNit F TEs SAT 


Sletten HUSehta Hl Stra ACOH IT Se 
aay Mat Hele 60 acat Hl Yas ST 
O Ta Be HT UH Ae WIT 
fara oT, OR Sed SI, Hs AU areal Ft 
Gs & FF Trot a at Gee Het 
wT | 

SAF Gach Gitdt, 1859 F tere Gras 
a Ted Heath gt sifasad 
POET  SEAHTeT BMT ES SCH 
Wel deal, at cess, Fl Gist 
OT AMT Sig] TaeleRlT UH 
ter sre s ST at feet oft gare 
 acat Ht set Bret ararail HY, Be 
Taare BT a yap foe a sf, 
Gis od A wee HUTS) Sey Aer 
aed THA BTS UA F FET 
fard-sterd 2, Sik Se Yer HAT at 
HSA AM, Faery Sach few SST EHTT 
Fed Bel STC AT | Ales 1870 H 
We, TA RS H HE FT WaT Aa 
GS A F, aherd se Hosta FI 
Arad ARO H WaT Uae atch Arter 
€t ter at) Sach Terabe SAAT 
al Aveda & up aaa S fade a, 
ak qe aa a Teri wot A 
wala, 3k ae Wedla & afin 
al Tare Tare faryasit HS Ua AT | 
1905 4, Ucwes Sat TSA GAM ST 
Prare ore fear! gee tere Seis ety 
Feat deat Hl Sat Sed cet Strat 
anoft - frat 33 aes Ff - A arta 
Fat arqstt site dame cat tha 
WG feM| FAT Ae IS Sra FT aT 
ael 3 fe Sach setaciiten frat & 
ant Hae Se FSA ae HT aT 
Sea Yer Aca Ht Arad Atl F Ae 
STS OX CST HHT! St TT | 


Uh Hk gtd sg 1894 4 faterar 
VS sit cits tet art Al 7g vet 
ata te aria ft att & ara 
afters taaasmfaat al ae ast 
on fe, deat ch eH St pe vt sel 
GMT AK GAA I se Taras BI 
G sifa arta wat F sre tet of 
sah ae aq stisa That Be Shera, 
fasim, faeccra sit sm At Gist 34 
Fo Ge Hak sete Het S| SI set 
ase @ Arad Rott Us are aE 
oA, AK Sa SES TAT Se TAT 
ae aradsatt & tet H | 

1898 H, Ad aah site sack afer Prax 
4 Heit ak tear Ft ate Ft, 
AK 1911 as, aM 30 teatata 
ACT Mit Sl ah I | SA GIST Tear ST 
FIIs GAA H GA UH sit 
atc wet At — araditt ot gafere 
alles SA S HS Ieat & Tara 
TT dt Uh GAT, Ae ATU SoH 
AAT FT| sas Cannan ak 
Wl ae GAT Sat fee SF AT aca HY 
aad aroft H fea ver aK Het 
TAT UT | Skt areSt Sik Asilast 
PIMs + SA GAM HT THOT FT 
fear | Set ae aret fee fewet aca 
aelt aaearbret (Ue Tera eh TTT 
Ae Acat ah) Hl SH Aes ST WH 
CI WUT SAT arfey, vet ft Sas 
TAT] RTA SACTT ST | 

URATUL HUT : THA HT TAT SEATAT 
1913 4 aad aie & Het A aula 
fe aad aroft a ferdt aca ar va 
aM & HAH Bit Va aes SMI Yer 
At at ateft waa-fcot & sha wah 
qeratad mrs wart sat 2 
3k Sa ae, Ac vec aK HS 


aca & UAT Hatt AT ATCA 
at Uh | Sach SA HI Hh ANT AN, 
TRA STAM Al SATA UAT HATH 
(Mt, TAT & aT A Aste Teta 
At Gea) al ata fret off aca ar 
BM AAT STAT S| Aste H Art 
ant ae ava ft fogs eo a aT 
HM fer Het 14 SH eT Aes I, SH 
Sa GT aH aet GST WT at aca, 
efaag sik Oras, al siedt Hf wae- 
feat & areas & ars feta aT | 


Had At HF Maes TA Asta SAT 
@ FAST SAT SA AT TS AW aca 
al | GUT, acat Ft staan 
art ot frre Sai @1 yect & feb 
rarifaa at Wl We a ae AR 
wid &, Set STH TAP TETAS & ara 
apres Tre fae STA Ue St Tet 
Gere h SAAT S TAT ATT cat HY 
aft snfret fear sitet @ | acehrar ge 
TS HAA BTS SA SM ATCT TET 
acd MT! 1940 F tele Rafer sik 
feferr User art sehet fafencor 
TaN H ge creak aca (fs 
aca & UAT HATH 92, aT aA 
oh TY] HATS ster 8) a Prater 
& ae tea Start stk sah GeHhtat 
at gaat aca Hl care TaAT 
ALS | FA AL SATE ME Aca HI Sra 
ano F site CAT UH Sie aeSt Att 
oft, aaifes gach Sta ar Yatqa fret 
4 vet TAT aT! 1944 ae Aart - 
farrell deal & ga ae ah tac aTgS” 
apr aa feat a - J lad ART HT UH 
adi Gener dam at ferat at fare 
HA deat HI sey Yer Aca (ATES) 
& dhe Var Tart at) Var sa GST 
ara ot fear vat ot fee tadass 
TAS H TT SAH VT TITS Tea 
Ua FT, A ses Hy BN HA 
acat Al Gears Het 4 Bae fet | 
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Nerfit SoH oh ST A stad 
unuit 


a Sa SF Ar ad = Sst St fea 
A, Te SH Strad araft & sats | 
a end cet wr ar SedaTet Het 
el set cet ar tet, @ 7? sik 
we Ua sret TATE Aet ee s Falls 
aad arcoft At fFrarcatehal BK Sah 
STEPS Hl TIT HH TA ate HT TET 
& (ta Ue sere & fare far-4 2G)! 


aad aot 4 eA ae at 
GMAT HT SETAC SN BAHT 
TAH, WE Bt rae Ta 
& arenes ae (areca) arch 
Uh af STS SRT fee STAT S| SA 


Seat A aattcht Saar F Feet, 
Ol AG deal Hl MSs VS rt Mat 
Sl Gad Sl sa aot a ada 
GER (Aa 2016) - St fRretaat 
far up ah aed @ - Fa AT dea} 
al SST TAT e, ST Gat F ft we TI 
ge eft fet 113, 115, 117 371 118 
STF AMT Se a | 


wh ad @ a srad ao a 
Tafa & fer, sit saat az, 
faa Ft fant & ferw oft, STAT SAT 
adhe | ae 2 sa aching al fara He 
Fl SAT SST HT, fea Sale 
am fee faster a eft ofa & 
TSR @, Se He Te Sa MT Sat 


TT Id TEA ATS HT Uh Ae SATA 


al 


ey se Ufcerfte sar al sa SET 
oh UTA WRIT LTS 3B, fer SAS Stra 
aretha a feat & ag St pew ot 
Wé, 3A) STTHT ASAT SI Sa 
Sl HUT | SA Sra ard z, fee aad 
arf al Up Yt Scare sh wT F eas 
At aad Sag Sa eh PR ae, St 
a Aled arett Cat Hert o& oorer a 
wa cg ed & fererch feta FST 
X, Heat 9, sito afk fasta at 
ERI Ua Gare & Tis as we fash 
alg CTE Sas Hise Tet | 


Aare Se, Ta cates eat & SeCIeaS SiH Usha G Ferg Pret H WAT AK TW F | FAH Sct J 2009S 
See sara fora Pore ee 8 aah aT, Set Sais cee ww aera aera em AP a care Para Ate fax 
ara #, TaRaear & few ahaa & ae ata dan Hea ar aan eee | Sad atlerar Sidae, aeel aarenfce Sha, 
TAP TRTTEA oh Tare SY Ra, Ta AT rear se fers Ae rarer area ch ferspread SH FAR WW | 
ar areft aaa 4, asta &t feat SAT, SAA OT AT SIN aT He ST Bile B1 SAG tejas@oldifluff.org. % 
arid frat ST Grae | 


afaat arent ert ar faa fren hx, ensupare F had Ht weet 21 Se carsales Ft fra F 
) dheaet ft 3) area FS et arct Carafes & sttetrars cartons A Sarcht Hecagal after Tet SS 15 UTet St 
) afte aaa a sam fae oa SAM, Tare & ares St Sa aaa & fafrt SOT Ht Gellert Het ch ATT He Tet 
© digah are da dence fren & fae a Tardaua & wares arise a dae eet ofl aera eh 
Set Sifire ofa a Resor eae, varaafaara Bren, ATA He Fea aU SAL TATA ER 
& Tarfaas & fre weal fits Hel dan He fet S | SAS savital@hbese. tifr.res.in. oe Beads EAT ST BRT 
81 atatare : wee Braet 
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a hl dear eter aitht At 


a fad faanfiat & dra, afer firerrt 
aie raters fRratept' Ss ch after oft seca 
Senora STAAROME (AT wT) theft ee 
S| SFA AT, WHA satel Ue ot sa 
ANF Sac LISA set Stet 1° 

at & at F aftenig urfeaat caked 
Tefal a Gaara dtareat Ar 
TMM, FaTeT Ath stat feat 


ae At wepht & at F ttefiferatae sik 
aera ant at Sit are eff, & areca 
fret sc dom See Pretdtsterdt S1 SH 
a saat Teug aH cit & feat F at 
&e & fe fer merhrat Ht sie Sere He 


$ aoa ad sae ag a a am Sat 


FEATS HL HT, Tes HRCA ATA S | SAAT 
aa, sett ae @ fe af fasts Ft 
FAM UIA AL TSatet At SAT, 
AN fix Ga CH CAN VeaT HU SH feaw 
da At 1g earfat SRI SF ATARI 
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acaarait at sate at sre | 

Fel HH HU Ald S, Sa SL Perse 
at Rrerr-oRrerat Ft pe ase AF 
Mleaat Ht ex HUA fere sreaihsra fT 
TE Uh PAM BAH VL AG SHAT 
ol SA CRE H eT fee TAT eI 


SHAT oh MAATATAT oh AT 


aett Wt salsa Sa Ga F sate fre 
Sik sie RrarH-oa wet Sul 


Yael SA AN H UH Usa HUH et fet 
Fred S| 

a ut fat Ha-d-amy ca ae a 
srerftcr, Hears Sik Sechelt A fags 
WaT Wala Sea VST We S1 SaH 
a HS Ue faa A aaa 
feat te 


gach feratta, aft fSretn-aiStetaat & ora 
fast 4 Ha-a-aq Eraatet feat at 
& St, AR Shell HF Ter Hr aa Rrats- 
OSTA AT 0-15 Ala AH ar Stealers 
ara HT | 


faa-1 : Gat & ofa aH aT Us 
ASAI STNG | 


Credits: Saurav Shome. Licence: CC-BY-NC 


al 


a 


» 4 
@-@ 


Ga & Sta al faarur 


sa ua ot sfantrat & sie até aft at, ate wet at 


GIA FS Yel HH H sews | 
Ta Wa Ml Ga H UA aH aT 
aperae ae faa-1 4 Sar at 
Ua e | 


GAH ATATT UST Halferes Beara 
Geet, Tasitrat sh aaa hls Tat east 
TST Ta, Sik fx SaaS WH WaT par 
Tat | SfastPrat sal wet fear sat fe 
a ad sat, Aha SoS sae aT 
a aS UR fers aE UTX faencat at 
Gell FS at | et a & few, ofaartt 
aT fact arms Ht ce wx fora 
aq | fax yacht sa USAT HY ganST AL 
ad, atk fair sat At strata ar 
Ale Ht Ad | AS aeat Satara sat Fr 
Tear al ade Cas & fears SUT 
Ta | 


Geel TA Hh Setar, TAL Galt Tat Tet 
Ht Haas At at at WHetsrg’ 
G fera re YAN Beas SH HaTferH Stet 
feu me | wat al, Sie Seat HY aft, 
aU St S cap fepar wat alee SF 


BH aet chi feat atest ae A AAS B? 


wet-1 : UE et fem st 
at at pai, at sit Ts 
Um cate, at Hef a dod 
&, A Ss TAT Hl aT He 
frac fees Ute cat 2 
aM, Fé cath a Het 


al Gaal eat S| Sa Tah | 


& Ofora al ea | se feerfe 
q, feafataa 4 @ ala-at 
HUT Tet SPT? 

i, Adah ahada 


FE CH- ART IE Te 


cd & | 
ii, Te ahh @ HT WK act 
ama & Wm He se 


aie W as sa at ee 
_" 


werd | 

iar sit ae, eat 
Ua WK at ad 
&, Cte Hef caftr a 
FATT Tet ET S| 


iv. ahh Ak a pel, eat wH-eat We 
sat ad &, chet cake Het a 
FATT TA ATT S| 

v. Safe A Het WH-eRL I Us SAT 
Tet AT & | 


Be CHla-AT fared TAT? 


} 


fea-2: at Het KH ar ath, aT Het aT 
qa ed EU 


Credits: Saurav Shome. License: CC-BY-NC 
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wfasmhrat a sat : 22 (81%) 
wera + fret Ae 2 AAT, 
wate aa (19%) sient + 
Teened ARK 5 FAT 


Me a set aa wfeafrat & few 
sit yaret write a4 Uhl sah 
HATA, TSCA At ATT SI HHA A 
ff pe Fecra He feu Te gy, rad 
a safe af a us whan ea 4 
fect cafe sft set ast a 
ASS SAreT ALFA 1) HTS SAT aE | 


SR Al sata aH fers ca & se, 
Tahal Maha S WSalet He Fe 
wa Ted ales aalst At sie at- 
fercch At Bese Vt Gab | HO ATCT 
a, yaeat fake var & sat a 
wal Hd Vt 4g Haast sr aft 
vfamtrat & amas wad! aa fret 
Tat We ge feareae Gat aA eft sre, 
ak ofaarftrat F arht ee dem seacht 
aaa fear ard, aft gaenat sare 
Ta A STA | 


Sal: VI 1 Hl Get say, fact 
ara 5-H fear mar 2 fee saferenier 
ofa rat + freed Arax 2 Fat AAT? 
sfearPrat + caraenttes BT a at eT 
H alg Md al ee, sik sah faut, 
a Het A Ses Steal ara Tht eet | 
SUM Tet CM aH fenet Te afer 
aa & ails fer St gat aTaet A, Usa 
ape Ser Tht BAT AT | eA A 
eet Paar arr am aa Be weal 


frat atferen wife, saat atferen act! 


a-2: TI 1 Het aa Uae 
Al CUT THe | Sede Ah aE S 
fee a IN Um cate a aT 
at sore) a Hef a ao cath 
Al SSH, tHe Id cath 
oh SOTA HT TTT 1.5 TAT S| 
at Hef a dot cat & Hef ar 
SAAH CH Sa | ee feb FAT 
Bet @, Sie Fret feu me Het A 
GUT St ST Gat LAH TF | 


i. Ta at He HK sot cate, 
SNA at a Het a sar Sates 
Uh-GUL RR Hig Ta AMA & | 

ii, THe a sot cater, aw Hef 
Raa AMA e, Wa Hel Sa 
cater ot alg set Tet ort | 

iia HAT, AR at Het a sar 
ath, Theat Wl Tet TA 


iv.& Hef, a at Het a sar 
oath, ct Uh-aat WH IA 
cd &, cist Sate Het a 
sere Tet ATTA ze | 

v. & Hel, a at Het a sar 
oath, Sat Uh-eet We Uh 
Ga Tet AT | 


via Hel, at Hef oe AS catty ae 


STE Hb fereneT TAT? 


ae adt @, cle ot Het a 
sot cath, a Het we ae ANT 
TT | 


%, Cie pet cake afte | faa-3: at adi a Sar cafe a ae 
ae art S| at eraerr 2a gu fare ger aa 
BT el 


Credits: Saurav Shome. License: CC-BY-NC. 


wfamhrat & Sat : TRE (56%) 
waatPrat 4 faced Ara 3 FAT, Ua 
(18%) 4 famed art 5 aa, dia 
(12%) 4 famed AFL 6 AAT, a (7%) 
4 ferent FC 2 SAT, SI UH (4%) A 
faery Ara 1 FAT | 


tae dh fear fer afer ot elf fara 
Ht tafe # a wh, gafere sa we aE 
et HI Aal Hl TST AT | 


SAAT AS Ta Wert Al V? SA TTA 
eat cat spat 2 fee ga faced at 
ad GA, Teaeray +t et Pea 
ae at seat Al - wap dt er 
tifa & diet fan ft, stk aso & 
ae tl er & fe a fax fara 
ATK, Ta at HET We ser cath a 


HST Tet AMA ze, as Ha ft StH 
SET St Fe at HET A Fd Se ath 
ae cet S1 Se F et phat ga 
wet sie whet aT saa spect zg, ast 
UH HA FA, TIT HT Te, STAT HT 
YS Hl ea z, St ae St at Heat 
3 rat Se ea At fee At Stee get 
fear & am cae 8 art Beal & 
uit tf ore ar ater ae stat 8 Fe 
Fett Ft Stat Bisa earch a UH AA 
Tea Hl Seth S, TF UH S TIT Tet 
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Hl AIMS Fel Hee | len at He a 
sah BR Fs BU saith Hr alate 
an at 8, 3t¢: a, a pet 
ret eroy ae at erat eras err 
ae Seat year 8) sa ase & at 
HAA HATHA SRAT TH ST & | 
fecraeg ata @ fH, sa ofan a 
et ch it ch dteat Ham & ae a 
Ter rat at ast + sat fea - “ocean 
fran Fi wea aaran we fata fear 4 
fatima etdt 2”, afer ga SAA aT 
SAH SA We AIS BTA Ae TST | 


FAL2 : WH 2 Hl Aet TK fapey 
aa 5-H fear mer 21 fee ofeerat 
oh Soe HF gat ta sat at? 

ae free Sue @ fer Sa Mh 
4, fares ferned Ara 3 FAT, RICA 
o fe & cat Fae Ft sacl Fr 
fach aa abt rg att ar Ger eu cae 
Te He cea ae fae Pent 
fore aarht wel & fer erat aeqatt oR 


Ue et aa OR Sa oR eet 
él 

war-3 : fre feu ne dat oftezat 
4, Taal Sarg S St aeae firey 
wid | saa @ at aeq seta 
Oe Teel Fret? 

Uttara 1. Uh Ulett sac SATA 
Ut Hat Re Gt ee UH 
aac | 


URtgye 2. Uh FLAT SA HUTT 
UF TAT | 


uhava 3. Um aM sa set 
AGT HT Uh TAT | 

Ta aT Shen fee saa a Ala- 
at acd weet are Fret? 


CHT Set Set AL ATA Wena et e | 
Be stat Teast ear ROTA ft ST 
arm) set ver sa ofeentrat 3, 
fore freact TER 6 TAT, a Hef 
at wf Bl streaT feat, waiifes ae 
at pet ht aft at deat F aed HH 
oft) s4 cri et araeit F, Sacararatt 
+ di Teqait We AT TS Ter AT AAT 
Al SHA HLF fre eat Heat 
am aa At 1g chat ar dt Aer 
at aracelt Ft | fora at ofeenPrat 4 
famed FS 2 GA, Se Fe Ted 
arom sag fer feb asta aeqe ar 
FETE farts OT TeRHT SA HT RATT ET, 
Bl tet CHT Gee | UH MEH + AT 
ae ot het fee a at ae eateh Sit a at 
HT CH-HL WHY Ta AM LW F - 
faaed AF 1 | 


3a Tera oy, Ufa a, wa 1 aK 
Ta 2 & few sah ot feu re Set Ht 
Ter HU fae Het Tar! etter 
as Met 4, sa at freoot & oa 
sat Tee fattelt &, cfs cat a 
HS Ta HAN A sah fier Sat 


wat urfecat a freer 21 saferenigt 
sfesntrat + cect rear al Gass 
& fee ae wet ot fer fath at pet 
Ot sor cakh at a Het Re set AT 
Ter mT A ae RST i, CIDCOM 
gftenfrat 3 arer ar fe at pelt a 
sor cake sit & He, ahi & we 
at RTT eg, afees Sat seit 
& afer Hf sree eft | weer are 
4, a pelt are of, it cat ara F, 
ge pel 1 Us Ticats Saleh ot EST 
oT, Sit fer at Hef ot tS eu catty 
amet AT | 


Fe Test THAT TAT e fe SA SAT St AAT 
h Sa ed aH sferenis ofeenhrat 
FT aed HT ae et & are fas 
Sea ST Al SM arett ale At ATA 
Hl MSH VAT AT | STetfes Weather 
art arelt ad ae e fee sere STA TAT 
& ota Um wat fos 7g fae Se 
Sq aedfacrat ar eden AT 3ik 
SA feed HEAT TS Perea | Steals 
a aft ft cat FS feet oft ger Ft 
fReafeat at er & fe & drat fra 
Hl APL ART HL ATS | 


TEAST Ter At TET SAT 
Ul Uch UAT CAT z! 


Wal-4 : HOT Hi fH UH S SH 
At cite At at te us Afss As 
faraeel Ub GAM aT a Aes tel 
@| SAN S ue Te set & Gach 
@, Safer cad tie ste eI ate te, 
rach te S 10 wat ae S| SAT Fe 
Um et aaa a Ast & feat & fit 
@| Guach te, Ast Sra aT a 
DH &t aft att oe sla at wet B, 
safe ara ite ts 3 ava aT a, 
HTS-FAS AA SL DS Ht atferst at 
aa aut 21 DH 3it DS & afta & 


araey cal firafefad 4 & ala 
HUA UIT Tel BT F TATA 8? 

i. DH > DS 

ii. DH<DS 

iii. DH = DS 
wfasmhrat a Sat : BAe (65%) 
mfesTPrat + fereaed are 1 SAT AAT, 
UH (4%) A farHed Ara 2 Hl AT, 
SK STS (31%) AF AHCI AK 3 HY 
AT | 


aT Hrt-a fereaed Hl TAT? 
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sa Als & of, HF at val & wat 
SA Fa AT AAA AT aly SHAT 
vel At 1g | geht sa, pleat At 
arent niet at ane & oferta 
Al Hae Het fae Waal tea 
TRcaTHST FAA ch TT SrHT OTAT 
UAT | Aer gh et a ta Haat st 
Aer & yecaento & aa & afte 
area Ft st ofr ar ear 


Wh Te Hh NTT Aha! 

Ta-5 ; Un ash fe Ft 
Te Al thapdt @, stat fen fera-4 
H fear mar 21 te Al SSH 
ah Sa, a, TH a farsa 
Gea aT er TTT 
&? Te We TSF Set aT TT a 
wars & at A paar alg ferare 
Tai 

AT Sa Wal cht Su fees TAR 
am? 


aren He & few wradk F ae 
saa aT fee Yea ERT fare at aed 
TM Ae Ie, SI TET ST Geet 
TRA Tel Tet Hh StH ATA SAAT z | 


SI : Use Ueya ar wa 
STs OX, TTPTaT +t Tara CATT 
fis oat staal wee ot aaa ae safe 


at fiat) sat sarfirt ae & fer, 
Ort At at ateett (Uh vate, wp eh) 
& ay ae yar fear war | spar fee 
fear st era ea, SAT attra 
al SRK Tech Sarsat F Hea TAT | 
Sta feb YSTATA SHIA UTTAT SIT, BK 
aN, Ht alaet NTT Us et GAT 
seta ox fre | 

wer aheys & sat H, otra a 
qatar era fer Aes, SUTST 
ot At Get ff sta 1 siect fife 


ait sain net oe saat ae ata _— 


aét firs @ ren] aa oferta & 
BAH SA HAHA HT HUT TST TA, 
al Set $a AR sae fpr fee HUTS 
& stared afte wl area a 
SA are safes are fetter Be eT 
ast, eu A eT a Re Pia 8 


ate afteya at edd Het & ferry, 
Uh AMT AK sat Bet FS UH TAT 
feat vat ates ae yfafard fear 
oT ae fer sat a aeqatt ar yste 
gael Usb SAM el $4 Tea aT 
we ffs Sarg & fad aad Sat aT 
He afast fee A car varl weet st 
det FH ars ae fre) ofa 
al AS TAA TA feo VAT SAT SAT 
ile Ect SA Fl ase FT SUS, 


_-@-- 
B 


sated Tet Bret at Tera A ara 
ofiiiea & sree & ae 4éi oT aa 
gah fata, sat 4 at aeqatt a, 
Sth He Hl Telad Waa Atel thea 
TT at Sat ETAT Uh St aA HR Pe 
Pre 

Sa Tait a att oferty + se art 
al tatcar fear, fer ath Ged, Act 
at Sra SOIaM He ot Sl, SAT UH 
Oi Sarg B ht ore S a a SA a 
TART Up St ae wR fit S| 


-4: 3A UT H Get sa fans 
arax 3-H feat var 21 fee safeeniet 
wfastrat & sax sae fq FAT 42 


waar sa va FY cikReafe 4 
TecaHsy set Al set ws sl 
AP] ae Ach, FA fere fee We VATA 
Hy yaaa + ofa S sa sell 
ay Fed St AST Hl UaS Hl SlSs 
Hai Te a wet aw oft 
% apecarastion aret aor ae feta, ei 
we wfertt a acter ft Re recent 
ae at tet a aa ot eT Ter aT aa 
a ast Al ade at ofa ae tet off 
foened Are | oh PATa Hl Gel SAAT 
ee saute +t ge feerfer At errr, 
sect ait ant aeqd that & are 
frat audi a A, aK acta aA 


faa-4: Uh asst BIT AT AS Te we fat get at el Credits: Saurav Shome. License: CC-BY-NC 
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feo SAT Tet Sh GTA eps Te ot TET 
Feat Al Tea H aeaht Teqe Saray 
aoe S| 

we ferred ad & of ae 
Tecarensur oh Fat S starts St 
are oft, afesarftrat cor astitar ateft oft 
Bet a fee TRCATAHIT Set aT TATU 
SE FEL H FTA G LATA Vl S ATT 
WL FS AT eT SIA S| SA TA A Tet 
feu Tu, sia ot Ue are fist ateft 
fafa aedait & sae ote rat 
AL SA Ble cat att sMt sh) AAT 
Feqe Gert Hl sik Ga asht-S Pech 
&, AN SAH HOT SF ACTA TTT 
STAT AA WSCATHIT eT AT STAHL 
aeqait H Yer gait GAM CAT Sta 
Sl MfeenPrat + merch at SU SAT 
TAT Hl GAM Ac ATA A FeTAT | 


3a US H Sal J gat & Wa ds aN 

Tedatt at eae at feat fares AAS 

AR Sta z : 

1. afa At fea & aesad A el Tet 
als HIF Tel PLAT | 


2. Seq & aft & fran, fret aeq 
Up aT aT te fat seit 
feaise FT Yala el H Hee 
Fd e | 

3. feet aed aft het at SATE Ca 
fet tae at At Als Seta aet 
ere | 


sas : Tira en ears as 
feeraey 3ikt fafa sear & &) att 
soferrttrat abt cre eft fe fereg ot az, the 
OE St Fe HT A UH, TEcaTHAT 
Al TH, ait qa ae at free art 
Te teht 1s oft | HOS MAA | ae 
oft ad rer fi tia oe ary ero eer aA 
fT AT TST AT | 


ce, faraat @ sik aw, Te a 


wrt are seat At weft at cat 
wfaatrat o asa ser-stert 2 
ST (38%) Wheasrat sar APT AT fee 
ie al tad a get fers aT YT 
@ STO, SK Sel TH Te fers A I 
Geet at Sa ae Fath WRcaTHsT HT 
ae St AT Tet AT! AH feral, 16 
(62%) Sasa et Ae BTSAT aT fe 
Te OX, Cheb HT Set Sah STH DF 
Th SAT ST | Alert, Sa haps SH Ter 
at Ufa tie a vara oer ob et fers 
TLE ATT | SAAT, fers TW, FE 
FA TRAIT Te Hh ATK St STAT, 
HAT fais EO, FS TRCAHIT set 
Te A TET HASH VT STAT | 


BH fos OK, Set SAR AM Wl UF te 
Tat ae sr Wexts fora wa, sik 
wera Fae altar wT at 
pel TAT fe te Uz, ava gat a a 
ae frat atl BAT dah ATT TST | 
aft sfaarftray + sax fear fe ae ae, 
ie & sila aga SH Th Sa 
aT Te | Wiss at ae Tad 
eu fe fare eateh a te at sect S ART 
OT, ae Ne sh Grea-are set Get Tet AT, 
Sra FES Yo WaT fee tle at Se et 
AT ART AT AT aS Ne H STA-AT 
Se AM? Sh AAA, EK Feet S 
AN AA hl Tet Ne  STY-AT Act TET 
aT dt fax te stk srt art At SST 
Uh Pater ath dem SI ch ae Bh AT 
TS? SIR ae W, Wa te SN aed H 
afta alg aerch ot al te aT oT aT 
fit aect FAR SM FI aa Te 
CAAA Ha Sl WAT? 


ge fag at ot eae ae & fey, 
sfearrat & ser feerter ae ferane set 
& ferw wer rar wa afteea at set et 
eters Te Ot Bly WRCATHIT Set + 
CHT TST St ASA H Ma oh tect PTA 
& ATER, TecaHso F yp fenet 
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ofcast te al theb SA Oe aT SPT? 
Te hr Ta Ge sar Spr? set fear ae 
AeA SET Te HT Tee AA APL aE 
a oft ae Yaya cP aah fh 
Te wa oteft Lar Fafa aedt cet 
Ser ae ft aaa fer Car ahs a 
FSS H SNOT SPM, A fe te Al eet 
GAN WA & Get H SMT! clea, 
TRA Fe BH SIs UE ie FATS 
aa at fa aed 2 | sae ofasrar A 
ae Freapy frenren fer wa tle at sect 
G Ter fear TAT, Sash are Se UR fark 
Uh € Feat ATA Tel, AK AS Te A 
TRCATHIT FT | 


fecraey aid ae @ fe He oferta 
7 So CST WSEAS SAT | 
sarexot few, wae ofaartt + Het, 
ae h Wa A STAT FAT We aT chet 
@, AR sas als ae Ft fear A sik 
alg oft set Tet TT TET aT?” 


sa Tal Hl PR ATT WA-3 W ART 
Ta, Sit ofasafrar at are fear 
Tre fer Feds aT SH HS AT 
@, a at Ga cae ary yea aE 
fredté | ae Gat oe, He ofertas 
ae frend frentent fer oat-4 Al erat aie 
SH OTS A Seat TTC | 
So GA H Bed ah, He Mayet sa 
Tea Hl AS eat fee Aer BH afer 
& diet Frag ar Hata Fe aT fe Tet 
Stet HH atd &, SN A wT a 
Fre wet qeqatl oe Path Tecarensor Ter 
wera @| cfs ate off, hear get ar 
Sat Tet et TAT aT | 


Frendt 


faain & as feareff atk fer act, 
Sat st dat A seal HT Fed 
aRenct Tet S| 

Ufasafrat al ae ara are fears 7s, 


fee Got sik det aeq At aefara 
aed ted &, Seales Ter A AT eT 
MY-AT TAM @ AK A St ae Glatt 
El weet 2 | Mehr Fe GAS A saat fe 
ofaenfrat At east F stares 
aed aM & few, fh a Hara vate 
el S| Sarect & fer, ga wHreage 
aa & Tide er & aft & raat 
Se TecaTHs a PAH cl TAT ATG, 
feat Ser gt at et frat ar 
ATA SA SATS | SAH Tet AL TAT 
a set At vate fears 4, ahead 
Wess Hl Ufst S asa H, Tal ye 
fax tp seat & fear a faea- 
Gera S| 

got var, a ana @ fe ga & EA 
arett foramen at feat & fee feaw 
aM aret sant sft faanfetat & sfiax 
Telfer att eta ait F set 
Al saaroneateh GASH Yet ae ah 
few arht + et Sarect & fer, ga 


are Fl, fer Ach BTS Pies are aatt 
Sede SH Hl ah SATA astt-S srt 
@, fereda vari & areas & feat 
Taye wart sot ge yest 
Bae & et Fae te fen fenett aed ar 
SOIAM, SH FET ST SH OR Usa 
ae da At ag srt-farst afast 
atl pt aT FLATS | CAT Mehl SST 
fe sacht defers arom HA- aA 
dia cart ox fees afta & Fra Hh 
ala F Sah sansa & saad F1 a 
@ A) iAH Fer BN TRcATHIT Tet, 
@) Sait AN Ia, A) AT SI aT | 


faratent & are feu Te stay Baa 
wa tar crane fh west af & fata 
SM Aet SATE H e-HilS Ta THT, 
fsrerat & fer, feenfeiat ar saa 
Shas FIST areca cht ax HUA H Hae 
HLA FHT TST SPST TAHT St AAT e | 
SHA US HH SATOH Hl AAA B | 
cfr sae es atent a sacra far 
wT Gea | SaecT & fa, wT 1 


BAK 2% Sa Hl at HLA VU, TAL 
ate & estat al yart a oft erat 
feat st Gamat 81 Se feenftat Fr 
Hee-aechh Ht et SMT, AT Sate 
after ase atet ferereff ct at pei 
at dar fear aie, Ha ase fererelf ar 
a pet a sor fea se, sit sarer 
asrtt ferenetf a spelt apt erect S| aT 
fat, stat Beat oh SAT AT aT 
at fea STG, BAN Steh art H aplsat 
a aaa ehtat Ft deat Al ST 
Tan & a Sin cha A fee a are 
Tal Al $a THN FAT ST Beha @ fe, 
a sala 8 sae areft star 
HSaga & UTA AS STE | Hal-4 St 
offtata 4 ae far st amar @ fh, 
Ghat ak sa tet Al SARK aed 
Sagat & Frerat Se | 


ae art ant 21 aot feenfeat 
ch ATT ATS St SAH A Ho WANT ar 
Ai | St Gee @ fH AVG Sah ST FT 
WAAL SPARS Ft! 


Note: Credits for the image used in the background of the article title: Accelerated freefall. Tony Danbury. Wikimedia Commons. URL: https://commons. 
wikimedia.org/wiki/File:AFF_Level_1_-_Skydive_Langar.jpg. License: CC-BY. 
aN : dash Heed F sre warray: fear dea, asfs sas wrevew, aa fee ae & fags ea H Gees Skt agra 
aaterat & sand $1 gach Steal, cash sa he al Ged are Sk versa Set ars sas FH atest aha eA & ferw fear sit 


uy oft & ot aot S| 
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aut aqatirer fate at aa | “Sara ghia at ga a et 
nent ts fan cer fates eee oar ei @ he 8” 


wed UMTUTHA at cat Rete S| TE - or 
wre Utell ent fas aarorenatart ena 


arett fatter faterat cht ae sarc au fe sae w siaa a are 
Brad cat, fe fea wana ae- Saerat & aro vet sie 
facnftra ancatter araeet se deat — alle 
UR Sitar & Ferg META e | & gar 2) get At wiser a 


elu bi os —— f Fera-1 : fert ariferea 
Tat ERI a aE FE & art Source: igcier Padreita, Wikimedia Commons. 
a URL: https://commons.wikimedia.org/wiki/File: 
~ aes Titeferat arerhtet (1733-1806) a za fsa qf aqoft Lynn_Margulis_2005.jpg. License: CC-BY. 


after fag 21 1761 A Set aretiftest Arisa AHH UH 
“oreftsree feared venrisra Ht | ser feared B secant At wee S Ft : 
: pe St WR SeATIAT HL SAPL ActaRR 
* EN eee eet eae | Ue i Fa (1793), artet (1996), aes 
Som) Tet ee fe cert at sont & emer oer aoa ahh SRA TT Sess (1950), er ARR (1873) Bik 
7 Tae) HAR Hr Fe Seas TANT St UH est BAT Te me (1952) dat aré Saat gr Bee 
TATRA S He Te TAT eT fe FS Ther Hl NT S Sx LAT TAT Sep Soe SS a oe 
OT Saat et Tet TA | quefa fire = 
fert-2 : sae Tiefera Hreaheer 


Source: Materialscientist, Wikimedia Commons. URL: https://commons.wikimedia.org/wiki/FileJosef_Gottlieb_Koelreuter.jpg. License: CC-BY. 
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AK FSA SAAT STL FAT St Taha 
@, Set We sk Seq saat cores 
few aedishar aad | 


edt ay faferer Serre at ore scat 
op Sifad tet SK Sa vals oH few 
wer frat stein star 21 
fastsatt a Sa osofaat & fer at 
clftee att 8 sera aad S| ga aE 
& Meat F CEE hl HH HT SI 
afta at Sk Areat Saat al fSrersit 
al CU AT AAT (AT sal) H Be- 
SAT TET TAT S| SAT Uh SAT 
tat ores senfsat F Sar sat @ Set 
ORGaea AL Us AleT UST SAT Uh UT 
TH AT Heil We A AT-BAT 


ae-facnra or fara 


we-farme a fra ado 
aed Sift + wedferd frat 4 
OT | Se sfasrarett Ft ft fe YN 
ASME FOG A aed Aral 
eR ae sifhs wales 
aedifated ar arr ffs 
wT & feet Cet Stemais F STAT 
aifen fart sist attend 
FATT BT G eat ST | 


ga fran al venfdtae ses 
ara + aaa fear, ak set 
sft sh cee FT UH 
BUTS Beda: West saat 
Weredt 4 Ferme F Gt 
ferat TAT | 
faa-3 : ata fafa qs 
aro sara war wae fa at 
eS Wet ae & frat 
OR Sree S| SAH We UT 
ay waifearn aeaefdecr & 
Bet aT TTT ate fea 
TAT S| SeeraAls 8 fh 1867 
Waa ae faa sare TAT aT 
aa sa oe Ft ats oft aet 
ee ft 


7 


“ + 
— 


—<—o 


: : 
Lotng 
7 a 


Theil ae OTe Sd S| Ue ate a aT 
eq fret qerer ft aera CAT 
Sl UHH Ue Bla z, Sit UH GAT 
(REISE) @ wat Get aftr 
ae UR Bt at at F wert a 
a near wea & few afar 
@, fare SH aad We UTR 
(pollinators) A a Sd & | 

IST SSHST S TAT era B fe ASAT 
HT TAT 2,00,000 wetdat wera 
Gat Al RPT 75% seTfeat ar 
ce aed Sl AF Seq TETRA 
STR A STH A SeTT-SeHT 
@ Sk Fel, wfeat & aax Eat 
aa atta dah Sl Gent S1 ae BE 


Source: Wallace, Alfred Russel (October 1867). “Creation 
by Law" The Quarterly Journal of Science 4 (16): p. 470. 
London: John Churchill & Sons. Retrieved on 2009-07-30. 
Uploaded by Dmitriy Konstantinov, Wikimedia Commons. 
URL: https://en.wikipedia.org/wiki/File:Wallacesesquipedale. 
jpg. License: CC-BY. 


qo x 
Fera-4 : cero eed aera feet At ert clenheaT | 
Source: Fifamed, Wikimedia Commons. URL: https:// 
commons.wikimedia.org/wiki/File:Honeybee_pollen_ 
basketJPG. License: Public Domain. 


ara At ard vet fen chet + fare 
TER & GTHastt AY stat six 
arepitd ae & fer fatter year & 
TraTT ferahead feaw S| frrabt dst as 
@ Sah fre Tem Ut a aR, Pratt 
qf wasix 2 ah fa asa Ft 
QUT IH | ST AAT SHY TOT AT 
(pollination syndromes) el SiTdT 
Sl Toda helt Sik Sah GP TUTERATSAT 
Hl Fe Ue-faHea Hard F steed 
SH FARTS BT Wah SHE SaTSTTT 
OT HUT S| ary et se oft fear ze 
fee silat & et ayet F steatshar het 
Stafataeaa ST Wah ARH SETA eT 
Gadi e 


SEU TIA SN Teast 
& fhe Grae & os Tah Sere 
a, we Gis aed gu Pe FSA TE 
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hel Bl FT Tet Wey Pa-GAH Sra 
wa ae feed a at ae sree 
Wer 4a ad et el” Sa TGs 
Afar ae cifeat | 

Gat ar sere ae atefl altel Ft 
ATT 20,000 osifeat H HeafeRaaT 
wae meerpl ate wemuraisit q 
gan &| qynfiaet + sac thei @ 
feat atet ISH & Wer Gla Has 


fas : vicleéen tide & bet RK TTT 
AY exich Si haet HeafRaa at feearg ec 
él 

Source: Wiedehopf20, Wikimedia Commons. 

URL: https://commons.wikimedia.org/wiki/File: 
Flower_in_UV_light_Potentilla_reptans.jpg. 


License: CC-BY-SA. 


OR ATT S SAA Sl Sa TAPE Ie Ht 
fats fee F aed cat at fact 
Sl St RTH At “afea st 
ore H wart Stat & fer fa Heit a 
Fad S Se F “Tea e, SAH “He” 
HA AA & A SA Het Hl sATaYSY 
al ot are’ wad 81 see aT a 
ah ayutraat sod kk at SA 
etl ch THT S VIS S St KS 
Sod S| Sa VATA ch TTT SAT 
fact ett & at arelt at farce st 
@, fare TET clewe HET STAT S| ATT 
et Ht Berra G SF St TET ctenheat 
Ferre eet S SI ste feet TAT 
Bear Ue Act S Ta Ss Tet LATTA 
at edt o| neatRaat SF gofia Se 
arett area srsifcat 4 tet at arr 


rN 
Fears-6 : PT OTH aT Uh SaTST | Cera 
SAB ica Bh HA Uh TAS AT | 
Source: Marshal Hedin (uploaded by Jacopo 
Werther), Wikimedia Commons. URL: https:// 
commons.wikimedia.org/wiki/File:Scarab_beetle_ 
on_Encelia_californica_(3376142862).jpg. 
License: CC-BY. 


an arepiva Hea & few ates Ft 
Sipe stratdt @ | fe weft 
aot det At aie ae Sater Piz 
Srl & sta: SAH SRT Tara Tet a 
pelt F dia wee org Set S| Ue are 
3 pet cement, at teat or ald 
tat sé ea a aot ain orefia 
aaa & | ten gafere aif nea hea 
a ef centtte fase art 2 
sat sikat F att, tet a oerehrtt 
fruit & ofa dadt Gren Sie S sit es 


Fera-7 : focreft Gert aT Was SaTELTT - 
Steh SA STS | 

Source: Jeevan Jose Ukadavoor), Wikimedia 
Commons. URL: https://commons.wikimedia. org/ 
wiki/File:Dark_Blue_Tiger_tirumala_septentrionis_ 
by_kadavoor.JPG. License: CC-BY-SA. 


SSH ASIA HU S| TS CT aT 
apt vet Se Ure (ST See sre feaar 
@)| He WA Sq Tea AY 
aod & feu um fasts after eter 


60 | 3is dst. dfeenahin spa area | Head, 2017 


faa-8 : Ud Hl Seq aret Ta S TTT 
Bl Ub SAR HSI GRTHT (ACA 
feheae ata) rae use wer S aI Te 
PUT SST | 

Source: Kiley Riffell Photography. For use with 
credit by Henry Art Gallery. URL: https://www. 


flickr.com/photos/115381928@N03/14255320758. 
License: CC-BY-NC. 


Source: Ton Rulkens, Wikimedia Commons. URL: 
https://commons.wikimedia.org/wiki/File:Stapelia_ 
gigantea_-_fly_pollination_(5587930978).jpg. 
License: CC-BY-SA 


STATS FU S| FA WHR H Gell F 
we wien frat ats gis & ST 
lat @1 Sa yam Heer 
het AMRIT ska Batt (radial 
symmetry) & aa fearata aarate 
(bilateral symmetry) art eld zl 
HRA 4 HAT KE HS ITPA a etseh 
aa frac ver acafia 
aM Aet HS are ted wt std S 
AY A HRS HT TET Pea BT HLT 
ax Wad S| Wet BT A Vet aay 


Tet at dafeat ¥ saftere fasts 
Gre alkrenrsit Ar alsa BT 
F sree aud & fae a HT ard 
Sl PT Ha Heil Hl Td BT 
TUT da Tedd S| FM: 
ale & eat Het at ft et ed 
& - Sa: $e A Seva FAR 
ARTS ae Te? TerToHat sft 
Hel MAT | 

war pet we Asadt ofa 
faafaat al tear eae ws : 

Tames aa eat @ fet ft fay: goat exam ante ar TT 


Source: Carsten Niehaus, Wikimedia Commons. 
URL: https://commons.wikimedia.org/wiki/File: 
Ophrys_speculum_d.JPG. License: CC-BY-SA. 


@ fer Heit we gacHT farce 
era fererat al Hepes At SAK 
SM & fee BST S| TTT 
Fa ga are Hl afar Hed S 
wet Ff Ss SAAT aed 
é| aeafreat a sofia 
aM at Bet et ASAT 
al ast TAT A AGS SH 
EMT it SaeTST BUT S | TH 
aera & od A uaa fru 
TE ORT Al ATAT 28 feaeTeTA 
wife & ff Serer ett S| 


mary Ate-curorendiat a 
we F aanfeat tt cat 
uae Sarar etdt &, eT sit 
Gamat ch Uh as 
aye ar wfatafercar at S| 
Sat ATT 85% ele 
ATTA era MTT S, Sh UEP TT 
& fer fen AMT TAT ze 
fe itt ore dst SPS et 
Sldt, St: Sth BT Tata 
eg oft siftrepigrd: athe aT 
Beh UH Sd Sl HS WT 
UAT OST Hees eT FATT | 
aaa sah Ft sat Alel HH 


TARE UNTO AT : 

TEPTOT H fesrephereat at fear cht Stet Vet Vt F TAHT TAT S| AAT HAT GSAT e fe 
fesrenferat thet At ay Toba Hr STAT SaeeTcs STATS Tas HH TSST HUT S| FETT aT 
Ok ATT Ue Tg ST Tet sTTfaat sar UTOT sath | ge farfars aE & fre HST BT G, 
aria faveterat At ssttdat & Sea seer eca, Ustte tsa At siftrepay Sik Her 
FATT (Aes) F OTS GT Tht fesrenferat abt Tera H rea sh strate HA STA 
al, AAR SATA SM aha Fl atthe fesrepferat Sa Sy Tsay sh TAT sh Hey ST 
wrath & site met ar ae earth & seas eH it ot rar ab a eet 


Ferar-12 : Het HT TTT aT Uh festa | = 


apices F etecisaergera tel chat Heit Hees HT aA St Strenhse Stet @, ert at 
aft aah) Aa ee ara Eat oft feoreefeett at Ta & aii ead Gea At eT ae 
Sarat Sth 8 Foret care Geil ar Gale ast Star oft SRR B ans a ater se aaa 
ara TRUTH BT HC HET Se | 


SF ference cat Us SK Siicet GePTeT da oreTeraT Heat Se aedta GAS sts Ue UTE 
SM Tel AF Hy Ta F aT TAT S| SAS Ta eta @ fer SAaHT UH ATM fereprearat 
Sferera SI Site SAR APA AF 1998 F srs fer ATT Fe ST aTet RATA Tear 
CIPIST ARATE AR SERA ACHAT BH eat A RL SL SF ATCT, Ga VT 
GAT HGS SA STAPPRTT SeIHARGLATAT SH BAL HT ATA AALS CTCL Mehl AL TAT 
Sl HTS ALA SI A fesrepferat US ceil We SAT SATA Gees cet S Step Hones ST 
SA, TMA St Het H Gi VST HHS Art Slee | 


as dst... Sfsenait spa aga | teat, 2017 | 61 


Ferar-13 : eftiras RTT er TTT Hed ST | 


Source: Togzhan Ibrayeva, Wikimedia Commons. URL: https://commons.wikimedia.org/wiki/File:Hummingbird_in_search_for_nectar.jpg. License: CC-BY-SA. 


feraferat aeateaat bt dear a wat are eI SA He ee MA aT ST ea HET STAT | 
SUPT MATT A HH TST aT Hatt & fas See sat clear eainat 
Sipdcomtatear se sire ara att Rates ae Sta Te 2.000 ST Se Sa 
alg fagry aeaare vet etch scar as 
at vet grant eae -Tatet I AAT 
cea adett Chl FRO Heil We SAT 
SSI WAT V1 Ba: SAH MAN VE FaATET 
aera at fara ord 21 faaferat 
al seen aH Het, Alot at aett 
Beil HR Ast Sar ara S Sat Hat 
at ale eit at Ht) gt Geil Ar 
Tees Oot wet At eft ar aK 
STAR UC Stet S Set Tae Hat TT 
ait fraterat Ft west ds et west 
Gerd | fraferat Al ate ASK SIA 
Alet Udi, St Ua F Utsra ete S, athe 
aT eeeh Stet OT Heil et ad S ST 
Se Ud H HAA aledt Wet A aR Fr 
UR & fra CTS ASK sald FI 
ae Fle Fe aret sft ate afeaat 
apie qa & Suara Se weit er Fe-14 : crest sft arent Alera ar aeTag Wha (AAMT) Hert HT TTT SALA ST | 
“= Source: U.S. Fish and Wildlife Service Headquarters (uploaded by Dolovis), Wikimedia Commons. 


OUT ad . at aed Te at Tee] URL: https://commons.wikimedia.org/wiki/File:Choeronycteris_mexicana,_Mexican_long-tongued_bat_ 
(7371567444).jpg. License: CC-BY. 
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ad €1 siftenign anfhe & aero 
Utferftar ed € Sik forth Sree ae 
fasrs faufad tea ot ted S1 et 
alg Ale Sl Beit H We Sra ea 
faafes ulferar sac fax ox farrae 
ard & | Faraferd te oe TT GaTel Set 
a qe sia @ free aferrar aet 
stadt & fare sid 81 He stths 
H at alfa cerrorehat oe Usp fare 
SESFAT SRT SA-eerent Ferrent feu Stet 
el Sad sister sik are A fer 
alt Uh Stifhs Sat SiH H at UR 
@ fem ae UH Arar Hal AT ada S SS 
GUTS Th FH) | AL at ar Aas St 
art viet stare & UaH-at GATE TS 
St oret Preaet Ut, Sf sles Het Ht 
Ted & Arar vat AAS BAPTA At 
SST tt S| Sat SF VET Hed S Tat 
pelt & Uiferar gach fae ae Fac 
Wd , THT A Ha K Gd s TI 
& atfetat Se het & Pearared feerar 
UT aed SF) Teale Ft Ue 
wea AAT H, we be a fee me 
Ulfetiar eek Het H ce Te afer aT 
G sae feu sre S| feraferat Sie aT 
S waft a are sifhs & afore 
te h are Seat cell GS HK 
farafad aeirg & fare Sd é | 

aifes 4 ae fafa errr fate 
wfsreart sft det mE S| sarect wh 
fay He eetactt stfehs 4 oferta, 
WMA Aral Feat AY sites az 
faa art @| FA VER FLAK SF 
Bel KR AM SF set st adh SI 
aT Al we stat ereft ufseat 4 
wd sibs grt efad xa 
a Uh BUS H Ss Tt S| THAT 
& fer Fa HVS S TT SIM HI HATA 


TEA SA WR AT Stat @ fee Sle SAT 
Ulferar atk Rear a Ber afar 
€ Sat 81 Hes seks afer sr 
Flat a ist H Tact get et aeftett 
GY TAT SH Ate Hl ASST HL 
Set S 1 Se St Tifer aT sat LATTA 
ot tat @ sifehs G eed atett 
ary after att cere & silt steareft 
wr G caer Hie eficef< sey ste 
FA ATA S| Ts FS Het S Fe 
Pence & tat Sash MT Te Terra 
Ferach ete & | 

uatt Unto a BT 

oferat Heer at arta Saad et Stet 
oad Set SPS se SH att V1 F 
Hl Hell KAS & A fear WT AT 
SAL WT Set AEH Ae A Stet VT 
om Stet S| vedt weft er ATTA 
aS Slt SS UH YT SHH WT A AT 
HS HAH 4 UST Her at a aT 
Sle S| A SrA wep Tea OST aah 
ate ag} art A tees AT gard @ ST 
saftrcntsr chet at sat G SX TET | 
HS Tait SH, sable HATS (SAK 
ar F ft F wer oe id @ fire 
MPLA Hel Aa e) Se srattear 
& ehinss cise) fare ea 
SF eit & fete arepfera € fara a 
eect (fefsrene), hat, efearna, 
arfesar, waferar safe emrftret &, Ft 
A areaa eet S1 Ho RAT 
Cet TTT Est TP TTAT TATE, 
feneit act @1 aa eftinas sit 
cel Git SA Heit Sea Sle B 
aa TPT SY ae sAeht ast 
Toet feed HO A atet Bie-wie 
HSH Ae HF Fateh Sd S | SA TS TS 
Galt Uh het HF GR Get TH TTT 
Al CATA HL Set S| 


AATTSS UUM hat oh ST 


aames Al sftrnat wsiitat ait 
Game & eat ae aadt 2 
aféror-gaff Uren, saben ST UTI 
Were & gat w ws ard z 
aATeSt ERT TTT st ae Het 
sat Athe aT Beh Ths TT alt 
@ Ht Ua A fad & aM FS aT te 
SATS Hh YSISHH Tet Slt S| STH Ht 
ae ell F SSt AAT A Hees TET 
STATS, SAS Heat SAT AT HER SAT 
as TY Sled S HM STS aH stat 
a srepiia ect S| Fe Wee WeTH- 
ap carat at saeerher oh Arey Stet 
@, wit fasts er a St Het H fier 
@ Wt ames Tafa 21 GTS 
Tara Hebd ST STAT Heit aT 
Ser HR S| 

qe sad aay as yea Fe 
wife aarT 500 suraftaedta 
Sik sree ter S - SiR aT Ter 
ST a stay TUT  ferw STIS TE 
snr €1 STeS SRT BOTT A sq 
eat & tet abt stefan faftrar 
at oft as tar ox serferd frat 2 
feet 


& baat HS Vt serait Ht ore 
at & afar J sarenr wala @ ae 
ait & fer fe a area Greer Tet 
at ssifeat & vad al fre ee dah 
wetfea Hed S| Sa VAR A a TS 
ae St atet Saft ye & sfat Ft 
sasha H Frotfae after Pere 
él 

GUasat SA Wet Fl Uh 
saftet sfladarfte, serena, 
Weplatas Sik cha F. Br. ICHA 
34 Breet 4 vefi-saifa eae fear rae 
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“Fa Te RG ale tact Hel I St AMA Fah AI S FH Yea WY Hac Ho St Hela 4 |” 
Gare aX fea ae, AMY Haq ik | arfeenigT BT a Aa St TOT, ae sft 


Note: Credits for the image used in the background of the article title: Bee pollinating a rose, Debivort, Wikimedia Commons. URL: https://en.wikipedia.org/wiki/ 
File:Bee_pollinating_a_rose.jpg. License: CC-BY-SA. 
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atarelt Ged ssty Sash HISvSaM, Use GEM, Sete A fears & Gla catth ch BIH HS S| Ses Vara 
= Slafaara & carcntac far @ sik Stes st sorfer ore At V1 Sey 15 oUt dee Sarasa frets (safes + 


TARTS) FH AL Te HTS FAT S| SAH Tastes SF Sash LAAT sht aK Uh MS HT GA S| SAA meenakshi. 


a pant@azimpremjifoundation.org 4 each fray AT AAT a | ATATS : SPINK GAR 
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afd & Sant aga gal 

HAT UR AeA FT 

& fas sed wT a 
THAT Wt Hy Mite WT SIS 
aM f| Ad: At Fe IIH BTS 
art stat @ fe afte fears sat 
& fer ot te Sarfirs sre fftc 
Sel SPT St Feat A Mrepfeey STA 
ofa sft decaf sit sirex 
(appreciation) #1 Ya fecpfad at 
ue | 


afar wd ak ua fier 
HUSA, FA Bees Hl UG HE HH few 
art feet wear F vata 
frat al sea ar start fee 
OAT tS Sl Aa He HO F Ver 
sett Stat S fee Sa STAT SBT ATS Tet 
Seat & AM A asd HH VATA 
aa 21 vatawr fran & wear 
wed afe seafe Se fasar ax shies 
ad @, fad feeref ara a arse 
caters et ax Ud | saferepter fret 
an fae ger (ik dad) 
HAMS HS F Aa SST SAMA HE 
& ates sta farsa ot arses A geet 
a St aatfed ed S| Bd: Wa: we 


fase’ soféa teat & at sa fret 
at fase ft atta dt sera frat 
aK ‘are war seat @ af Wer A 
sdiet @ aa | carta ea S tar 


ater tearm sires & fru ea 
ta Saftrer aqua ffia act 
St St seat A sieht sera oh 
ofa sft Gaeasfictat Sik Sax 
al aa fanfare At as | 


oefie eter @ fe Gatact fren & ferw 
saat Ft at areft fret faferat 
al seated feranfelat & afeasn ae 
Fed HH WAT ela Sl Sah faa, 
faenfiiat & few ae stra 2 fe a 
aT SA Mrephtss STA a Safa 
Teat al at a a aie vara a 
Ufa satt Gaeasiera ae sik 
Faraone Het al Sach sttelt GALIT 
FAAS Th | Ua He fre el Sa 
faferat sie areaat & are vary eT 
St GEMTaATE Ta Al SHC rt 
ST Feat al Wreahte oa ofa 
FT GSU ge | 

Beet ae stare A chert SH Aaa 
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Ube G arated we J aTETa A 
UM: A Hl TAR Hel & Area a 
BoM SA as SAAT Hl Hy HRA 
aafeal a = aot at Reger are. 
arom a fet rar 2) frat are 
h STF Hel Hl SAINT HM A Tea 
Gr, Se saHa Be Hh fre Uta 
aa 2 ar 3 ik afte daenfia 
oad el Watt & wht dterettera 
ae var Al ao dha afafateat 
& arr ot wre At ot Gendt @, fags 
wre sa oH veal & aed Hts TA 
He ATS A Set ST Mephctes SPT 
Al Gast Ta Fi Sl at Ha & TS 
ae ares & faraert orate fear 
adel F stra 2 | 

He AH BIANT Y eat AY veHha a 
ant 4 seqaq axa & feu cafe 
al me 4 ofsrfara ar farsa fastest 
ee Aram Fel e| fae, Gist 
Se caret ahs Atel cath He 
h AAA S WANT aX, He Strate 
aaa afafattrat ar Frater ax Gand S| 
freee Rath HS Hea SET 
wea nfafatrat ser sareart a 
urfthearfachifasna stk vataot sal aeT 
Gand & | TRO set B fe ae nfafateat 
aed Meet at sealers Taare 
Sl Met Vat ot geat H had Ft 
THAT F AK A Hd sl FF Ta 
Fem tet ae are afafateat sik 
Dart HY ara, faa SoaPT Seat 
al sah Vata & oft Paeasiter 
aaa & ferw fora Ta S| 


meat om Aad A sacl 
arenfasra aerat 2! 


Hel oh AAA S Peal sl Mephh 
SHTt AN A UST oh fee Ua TaPT 
faenfiiat & are ara afara Ba FY 
acedt H earfera feat Tat wer 


arena watattrat ét estat ae 
a ved SA Up vara arena 
aden fora afer faenfeiat a carta 
safafara a arated sited aA 
Al Alene feat a Gh! Baa a 
ore fieay asta et ated 2 
Ba are Sar fee a ferenelf Sach a 


Hel & STAT F Seat Hl Tephet 
aN F ae ara & few 
cafe a mer 4H ofsfaa a 
fava fastest stat stags Tet 
a1 fag, Gist ake carr 
ahs Aet Sah He sh ATA 
a aM at Het srenfte ada 
tifafaferat at ator at Gerd e | 


faa-1 
BAA F SARK HE ATT AAT Al Ales Lat 
Hed FT| 


Credits: Abhisheka K. License: CC-BY-NC. 


a Fg aM art aa fat Ft 
fafaerat & stag | wath ae wH 
srast feafa etct fer feenfsfat ar 
STAT Ot TR Se FIST SH ATL 
He Tat saya feu ad, eer 
tar att & fee aqafa oe eT 
aeyg set ot) gach oars faenfsat 
al Hal AIM BA Fe Heat FT 
STAT Ftd Sl Teashat Hl Tea 
apr osteo ey ar sare fer TAT 
feentiat at ara acfert aa 4 uw 
SM Aet Heat Fea erat 
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: fasias J geal ar sraftfac | 


ofat & faa fare ny, sie ae se A 
et Hg oe atch fatter osifeat 
Fe Het Hl HE TAT! Se st AST 
4H Atel Tat| Ue AAS al hat Feat 
=r ea ser ar ett re, HAT GAT 
aye a a af waite & da 
aqear faraifina a Er seer Ta, fare 
Fea tS F | ae Site Fara Tshcrat 
*AXaTAL (primates), at aet fafecat 
(big cats), ait dia ssifcat aeankat 
(ungulates) At off, sid: Teal HY 
Tele waft & fh seat Het & ferw 
Sh HET AAT Bl SAAT SA are 
TSA ATALAH AT | PMA H TATA 
fou me ada & fend ard & fe 
St foenfiat ar Wa He Sart 
seq of fare carat sftat & faa 


Ferst-2 : Hara atet Fasiags HH HT Sea | 


Credits: Abhisheka K. License: CC-BY-NC. 


aA, ase BA faanhiat & fare 
sae far aa fasion 4 feerfatat 
al St WHat & aa vt are wast 
H Hed At at sah few sraftfeara oF | 
UM & EF ae ahs SA SATS F FT 
Feral Sy G eat 1g fares faa 
apt aad fear | Fe SA Sa HY Vals 


aid @ fe eal SA Teal H feu) ofaenfsal 3 aa Met ot ae feet 
saat are et Gendt S farreet sree fret SF geet S afer FX Va each, 
aa ada ae & dita saat aS gare aT a & US| A aed sgF 
ald &, GAA Wl SA May Het UH ae Hl are Ta & ofa WE ate 
SH oe cist Hla seat A STAT Tel F Sta: See US Vet aT 
TET STAT S| ae fora TSA SS TAA AT | SAH 
amt wrdiaroy ear wren fe gait aby PAA eT TT oT Se 


Reteareit at we-att act Saar AATIcaT Sahhr gait sr eT 
are a waa Bar Sats Rew saree) PR TTA TE Tet & fortes rer 


weds Hal St AySt A aie 
at Tg] Uh Ae Al Sh 
fererrera ORR F SY BU Feit 
aces & faw Her TT 
wafer sta at fate att 
We stacteps fepw Te Tea 
gat ht afaal, eit Sk Get 
& faa wan & few wer 
TaT| See weatfed fear 
Ta fee & Ae OTT (HARA) 
ZT STANT Sl SALTS OX TAT ppp 
At oret At BT a ST | 
fara (Wed) a Sear 
ot erat art ant fre 
TW Aaeteat Hi at 1s Sat 

vfica Hf sifesa frat rat) 
ge mfctate & ave ge ee 
eat feb ret Hacer 
feu me gat ar fates 
frat at & ofeat a area 
UT Olea H Ye Hl Seat ap 
ashaasenanaew fe 
We | Fart F sare we feat 
aft Hae feu feat a ufcat eee 
ait weit & faa scents 
Ras dtawiaze 

at car war fe aa seat a 
aml ga mfafater & few tet : ' | 

Sl PAA HE A eT rar dt Faa-4: afearet faerea & areatter feentlat & 
Sere saat at ore ETT per eT | 


Credits: Abhisheka K. License: CC-BY-NC. 


ase tag force j 
oe 


er ee 


GI Sik Gas & Sach sarcafaares 
al IgM 4 Gersan Al fracht sett 
SAH WA ERG Ht aE Be | 


sat ver faster at soar fafeat, 
Alel an silat & fatter eat at 
Gear dhad & fete fora st aera 
el sata wrepfae oferor ferent 
al Sa Slat SAT Al Sad H aS HAT 
@ fare Feel SARE Hl TH Sid &, 
fasta se aTeht 8 Gea SI SEMA 


j y 
fera-3 : are at oct & Att war gor, Aidt 
pl aan Patra Hed BT | 


Credits: Abhisheka K. License: CC-BY-NC. 


Hates & gar dhar @ sa are 
Tat F Wag HUT S| Sarewr & few 
aa orto ferenfeiat & wa aS at 
Ist H AC SSA BN SAT frat 
ae Al atch at 1g ct faentiar + 
fafa Seqatt & a Sik Ss TAM 
are Sedait (afte Ft atse at at) Ft 
fasrsasit at Stacie Be FAFA 
are ordi fara | gaent feat BA 
& fore ferent + sect ararerrt rect 
SN Set a Hl HS aed Vt alles 
fastsatatt uc ear fear | ga artnet 
al df ASS AC Gd F ale F 
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vepfa-oitat set fereaniat a ta 
Arf SRT Hl GAT HL Se 
Srepftes arash a urer fenett fatere 
aiert sere a ot Al sete & 
fort ard eel F Ha act 21 geet 
Heal Hl HA HMA ASA HT ATS 
neat @ a fe ae fer fren var 
Hea BS lat oe bar fear 


Srepfctes UPTO A aE Ge Oe St 
aT ST AAT HUT | 


sa ufdfatt ar dae faa 
after F oft frat ot Gera 21 frat 
fererrfetat art Sega oh oR deal few 
HE Ghd eI 

Stat A sa sit oft haat afew 
fe he afar & ret at adat (ad) 
Hod ot set & Serer 1 Fe Ta 


ee oe 
nal 


Faas : tet ota, aferrain F feanfetat srt sare tre fafeat & ara | 


Credits: Abhisheka K. License: CC-BY-NC. 


Teal Hl hac fafeat & ara a 
Se head Hel G test 8 Fae BUT, 
freret at ferenfiat ar seqait 
Tt Te a  Saeilest SIN Faas 
aa & feu gate aaa ear afer aa 
aed 4 sa ufefafe & eh sae 
Te faat ar yeasts fat at aaa ze 
SAN SAH STANT Hl UH Tal YS St 
oT Gendt @ fereet seve ae Alster 
HT St fer ORT AS falter we 
eat ST SAT aL Ta AT Bev 
al GAS | SA AAS Tal HT STANT, SA 
Sedat Ht sret ster fares, ax 
aa Ft Sacht sata SK wet faa 
FR SAH Tas Hed S Sle HI aS 
a & ferw ft fear a aera S| 


-  Teald-thta Hert Hl Wiearet 


vepid-aRrere & ST A aad stat 
& Gh Het He are Ue ferret car 
GMa AT et wa faaftat a 
Foaiest att A dapha sar! fRrercnt 
sik aah at Peat feat are 
PAAH HA HA Hl SAMA, HAHAH 
TS ST SE ALS Aeaicnst HET fe ae 
STS Te RT G feet Safereh Aer NT 
2, Ba St ST HN HS Teal Hl 


fara-6 : tet aa, ferro 
HH Td Tae AT 
SHA UAT | 


Credits: Abhisheka K. 
1 License: CC-BY-NC. 


HA F Ast TI SAA THAT 
Fy ats Ha a edteenfea ae 2 
versie cen, feeniat a te 
Wide Satteil al GAT FL se 
wrepida arestt ch arr fret fatsre 
afters seare cat ur At sefie & feat 
ard a ae aA S | SAH Peal FT 
HAT H MAA GSA Hl SAS AEC 
24 fe ae fe far en Hares ae 
Uta oe her fea S| 

St fase F set seat ar aft 
ff fasted ct staat set fear sar, 
sedi 4 fat aa ak wT We a 
Aa Uh WA Tea F] US VRC A, 
otra wraTae A As orep hth Tare 
a Hearant ae al wreftea 
AR Ut Hr saa ae ae At Sia 
Tel TS Tesh Se Wephth Sa 
fat oT stk aaraet ar soar 
act Ghat! wa faenat ar a4 
wrepices Ua G sae FATT are ah 
fore arash wanfatd a Al HET AT at 
sae fae varia ved at fred wet 
XY - Fras se geet S cere oheay, 
ots, Het A cent & ee SHS, Tat 
OTE, AL SU ALS ST AT AM! STATA 
Ser Tet aut Sad AY pirfsret set 
| Se ST Ut egal ar stat 
aa & ATs He aT stage ft 
frat | feranfetat at ferat feret fasts 
fayaaed a apetrenht SAM ch SaRL 
UeM Heal, se Cat Al Caan 
Hl GS Al KAGAT HT SAS HE 
Tera Stat fa erat fewett ep-cteh 
3 ti, aaraz afte oreft (Rare) 
ay Wert Grad & sik ga war 
4 oe stadia erepicat ar Prato 
aa & ifs et 2 Foard rephe 
ara seasict 8 ara 3 yectt f ferar 


Fera-7 : Orth athe Sieg Ar are aretert Be at leet | Se SA Seal & feat & ase 
TES AAS WTA: AMT Std S AT Ses SITET AM S| 


Credits: Abhisheka K. License: CC-BY-NC. 


feet eta waa & wrdfsra 
ld &, AN Ted vel Hl UH ST 
ASR G Cat HT HAAS SIT ATA ot 
are #1 wrephte sia & art aeara 
reefer act ar genet & fore eal 
a seatta ea a ae wH BUR 
attat é | 


Tarai werEchat 


Walaa ares al TST FA BIN 
a Ma/sevaneat oh fafsre, wef 
urftearfcer Wet oh oft Sere Fer 
at & fare etl sal Uh Area Al aS 
STAT fea ST AAT S| 

era akRatcétt dt gat A 
fererrfetat cht ferent oh afd Sed SERRE 
ae 8 off per strait wfafaterat ar 
saat frat ST GHA S| SeTect FH 
fau, Ht ta & pe frerttat F get 
fe sa 4 a fera-forr at fafeat & 


areaet rel Fired Al strat Tat SB? ae 
Fa ferenfiat et are site ofrat stett 
Grant sargt aA Al Het, Pars Se 
Fatsat cat att ateret car Paro aes 
oh fare Saat Hed SE SAT AT FAH 
are Se ferett oft axe ge arash sar 
SedaTel He US Slat SA St SAA 
aus fem ah sa Ata We get 
HA He oh ale Heo frereall ga WES 
oh aet SAM A het Te ST fer Tare 
Aste Y SN Stra ATAHT BT AT 
ad S| Tals Heo BRI sh alact Me 
eee FT ga area afafater + 
faerat at ae aaa ata A 
nae al, fe of amore H ateeit sat AE 
at Tad & aR fafsar al a aA 
fA Sed GAS TAT S St Hist 
TAM BA TSsd ¢| sa freniat F 
Ofte & By SATU z, Se sa Taal 
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& Ae heh feat SUT at ae GAH Ft 
FAT TE A Set We F Vt a are 
feat fer a fee pelt fatsat ch aract 
Tet aS | 

HOME WI Uh ST ASAT FET 
@ ferech ae peat ht Sitar F fata 
Seat Fat feat SIE SAT St AST 
SMT | HET HT Sa Bead F HS stevT 
ai F STANT ferea WAT | SeTELT 
feu wa fats aa softs va, 
SURE & Haat Bk Grd F 
Hee Ue dat ae Al sal F 
US srt ALAR cher SoaT S 
th 1G STARTS h Sas AST (377- 
aigteit) Th USA | SAH As Teall 
@ Her Wa fer Ft srTst eG the ST 
4 sect | ARTE yarel HT Uh WIAA 


sant vere FH sect rat ferenferat 
& fee SAM Tet WH Slay S BAK A 
ore fone oft aed cht thet oh ye aS 
aaa area & few fragt axa 
al 


favany 


aedta Geapla H cae sh ay St BT 
- ues, aaa sik afta & at 
@1 SN HI Gant soa, seat F 
va & sth weary Al aA a 
areal al ara faafta ae 4 
Hee SUA Tet STAT & wT F fp ST 
AHA S| SAT H fee TEAL 
pe (CHT ses) sear At 
wm ged alga fae et wadt e st 
Weplt BAT cl StrawaHaT oh AL A 
FI Fest a Whe sears F sera 


thei F stadt freer cr Pate He 
ed fraser at wtcenfst ae Pend 
21 So eA wae aft afaa sik 
SR I ted act GHAR FS HS 
TH SATAY Tes FAM Fae aac 8, 
Wa Gare & aT at Tareq sae 
Bate 

eat & Saar & whew oiitheerfectt 
Sea few etettfes UH rates 
BIH eH Ho Taealera, CAAT 
ak fears faafea ae afer 
FS hE Webht Seas SIN SEAT 
He’ Tat Hl MEMTSATE TTA S 
Sl ga A Fath FAT Gh | A ATT 
ae & fee ae srt sett Har A 
Sel Hl AN Cas Ch S STAT 
ae & fee sieanfed HUT | 


SATA HOOT eT Cah TAROT, HeATATL (SLA Wet Mehl) SA ephe-afrarew S| tT erhceAt ata ch ST 
24) HAMS SAR He ATTA ST STANT ephe AAMT ATL A STS Ger cae ch fer Hed S| rath ata & Paart sa 


MPa SAL Sat Seq sit oh YAaTA HT SAH shy AT ST SAHA S| SAH abhishekagopal@gmail.com W Ft 
fra ST ea S| STATS : Acta Sst 
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ARTA CA ATER 


TE TENTS Uh TAH Si Ga WT &, 
HAUT Teal S wet Fs | FA MASA 
cal Uch St ater &, Sa ATH tS SAT 


- raat arer-atert atteat 8 aera 
Stl SA SG, FA ANT H TOT Me 


(Site seeh oH Aer aS ae 


Atal ENT Tarheed feww Bt ater tsar 


SAMA CHT WAU HLA UT ATA BATT 
STACUT UL Uh AST STeT WE | 


“di 


See cae 


aaral a ft Ged, aref GT & areahts faa SoaTaT 
FO Um, Hired, NU Fel Sielas Kaew aay Te A, 
fared siret preet 4 aT Rr Steet UR “tel” We aT 
fepcare PTET at | TETet aes Ft GTst (Search for Extra-ter- 
restrial Intelligence or SETI ) aT at, Sar fa a ICRC RES) 
STAT ST & UE STMT Sica! Hert S UH earl aaa 
aA, Sit see feratta ofthterirat & srasce wer TET AAA BH ATT 
Ufsat weak caret 21 sa foes Ht us farcoret wf e sat AT 
4 SSH AMG, Fed AM S A TET Heh Hl ret SST HIELT 
Al, sie Teas FS Uetar or fare aS | Sa cist h ae cit 
ferw, ae LiSat Seagal FH ATT SAHT TST SAN SEMA STAT 
afters 21 cfehst Be Asst G Saal Stews Aa TE V fe STA 
ST Sl LSA ATCA Bh ACH HS TAB, 
4 sik sau feet agt etetlas Raew ar atte 
wel el 
Usal west a Byes Us Glet st TH 
aaa e| sreaseta waite ea ab teat 
emilera sraet FH fath pw at Baer S| 
UR Hae sae vt aa 2? Shea anda 
Veal eaters at prenr arett war cafera 
THT TRL BS - A TAG HT leh STRATA, 
aikvea #4| sat Blea ae & feara 


faa; fren aiteae 8 ctace teri eta an fea Pree Stet Yet arte at Gr ft ata 
weteet | TEHi H fees cer tise ext setter H fee Ah eS ST Ge at ore Ufa fara! site 


fee ga cle F aed facae S aot fener Tare, USAT STC STATA Te TST 
eat Br TAC? TN S, as SSH S AT fee site als G | ae Te oer 


oh Ueh Fa RK street SI 


SASH Ba: at saechker Fi Gls aa 
Tae SgAA Hl Gis (Met)  SteHGT F 
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RUT Slat V1 WL USA GMA FI 
OATS PA AAT 2? Bae TT GSTS 
AS BU Sat Utes h ies foes 
Hl AS A Fed HS AKA Tet MTA | 
cfr Sat wie Fl BASH 
& fer dt & ara gah aeaeet AT 


USAT eT HAT LEAT HUF FH fey Ta 
Get Se ST | 


Yet waters atk werd 
aga ht Gt 
Alea We Aa Be a CSA TAIT 


atera-1 : Perera arachter wat weg sane AT tet S 

Fag Het crest Meat ToT S cree see BIS AT-M TH aE VeH AT ett 
Sl THT (SS TT Aas Ae Aish), aM ae ferret esa eT Fora SA TTT 
srftren oftfert &, ot aotsar sar sre Wah SreT-T FEAT e | 


+ 100 pm 
700 nm 
L. 1000 pm 

imm 


iem 


Fera-2 : ferera ararchier arora | att fererer esrebte GAT SenTaT Sl Ter G ARK UT 
z Ofer a Wer A air At Sat seat aerded & forge fate seer 21 safer, 
aaa ore ante arch Vat act aad an Salar at S, sale sist gente are 
TTAT-feRROT Ba Gattars Stet S| ata Bret corel arch waar sft set Satara 
Stet S fee & Hawa Hl cra SI Ate Bl Aaa Prepet sTct z, citer eSfeat sat et He 
urdt | geifere used cet F eefeat wrcioriths wie (wat AT wee) we ott SAT 


Dredt S1 


Source: Victor Blacus, Wikimedia Commons. URL: https://commons.wikimedia.org/wiki/File: 


Electromagnetic-Spectrum.svg. License: CC-BY-SA. 
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4 amleta aedait & sit ateft teat 
ait ar Very feat stat 21 Xfsat 
aT UH aS Ht fra Baha cei 
adt @| aaa afte aroeart 
ferere esta TET S - WeHTRT AT TAT 
(atera-1 ee) | eo att ofafes tear 
TOT HT SETATeH HAAS, Vet St Sa TH 
HY Ged + el (atea-2 ea)! afar 
sq dot sk entered & aha war 
GEST 8? 


atra-2 : ea aot tis at 
feat kat aeit ar soar 
wa sl 

teat ao ar saat Aer wT S 
Gan & few fear sat & - wees 
Ysat dat (reat 3 alee Ft 
aires oteft aa aT WarT Heh) 
ak Wasa GH Gat (ATT 
30 deter At aoreet ate TEN) 
al a a a cant det & dha 
(sie-strantca Stet Kearat & ferw 
area aT 50 Getter at 
aineed are Gait & cent Seerse/ 
same dat & fae pe Hettter Ft 
aaneest are aot ah) Hl ot aA 
aml gmlaa stadt oft war m4 
apes ch fore tsar cei (Hes Get eL 
fh aindeh are) sar STAT ae 


aia + uate BT aT 
TIT sr saat frat @, sail ae 
foetal raha qa HT TS See TH 
& fora wht aes St sites deleaettet 
at 21 dfs, at qa aat yaR 
& ame firs mrar-feeeait & cat 
Usat cet dem TaTA ve & feed 
aeachra ferfercor scatsia at oI 
fiard 69 4, vate eo daeagiter 
srt Al Persad S Sa St att 
AUT WL STAIR HT STRATA AL 
Gard & | cfera fit cel Gare Soar e 


oinm Lam 


1d om 190 nm ign id um 100 um 1mm icm 19 cm im idm 10a m lkm 


weraedt 


faa-3 : arqHvsctta ataa tar Teraet HT Ue He S 1 ATAVSe (AN AAAS) fared Gah aise ob srferenign feat A 
cre a cee a reCaRTT 8 | Secret aerate (A Sa Ser are ATT eT frees ofa ae at sais aeaeticr ate B) six vfeat (fare 
a ainded area teat qeastan arm aa) flashinal dt teh aah 8 wet argues ore eter 81 he aE eae aries atat a a ara 
fafa arr cindeait ae gectt At ae ae eT WaT, Sra darn feb arratter a waite soe gre rer ar Rare | ae, STATA, Feat 


ae aaah Sar aa 8 weal Serer lier Star 2 


Source: Mysid, Wikimedia Commons. URL: https://en.wikipedia.org/wiki/Optical_window#/media/File:Atmospheric_electromagnetic_opacity.svg. 


License: Public Domain. 


— STffat Fat Aly (ATT AL) WET AT 


& at ara Wat sens get A 


are? fx SH oa see 8 Gar aeNA st aeugasee) | WS: Weal UH ye AT 
am anit baity Be fer’ wearer ait gedh atta, week Set ore Pre So ey See 
FAVS Hl AAI HH , Halves F ararhie ait yet oft eae ager 

fret ae At ag okt omeniat ea a arawhftes ac ot art FH fea at 24 eet a a 
fot & oft age tific ne a Rasta iaeeit eee AN OR Pe 
fret ret 81 art apes Aas iit ara 2 aii sail S ae feet sta aia aie ol ae 
FAVS Hl HAI AA G SA FAVS arrefeanfrat & fer, ae we fer & arena, peat eet & are aire oft 
a free wed dea sat Gad ae e- weds ametawat st =| -gaar am a 21 safe, area 
S| TAS st sacht Te wafs sik Asal ee edt @ aif Saar «= Aus Ra Ha fea wet 
fafaerenr Hares & fae et se cara fated pl ade dee ael ves | «= SaTeT Get SPM) wl, UH AeaTE 
ava att & aaa eel sit af sq Schaal al ares. «= MT ae aa te ee ffs 
Fa AR AMA ste ATT GST Aa swt At ara adts «—- A aller Sarg He eter @) 
oat ?- rai aera aie sie fieS use dare hea Raat | Fer eae ee AT rate 
Fas arta see a ea areenett @ fe sah ore aS pa he lie 
MAME H INF GS Ta RTS? «—- SAN SATIAAVS CT HT GATT 2B! ae a oe 
STITT Vater he oh few User ec eA gat errar @ fe fh vet er | wa (ee 4 fare) cae 21 
Te HT FATT HM HT UH IST TTAMVSe Stara | Ht esate Safer, 23 Ue ilk So Ferret 
am ga dea @ ener @ Paget ar fee qa 81 eat semen «| Aare (fore sara feos seer 
aves a aii fae ala sat ar aftrwier fecar ot Sa cet | AT &) IT SIN oes Gitta 
3 S aera At farstrar Stet 


Sl SAH Adeta S fer Wet geet 


& fam ate e1 sere Ft ait 
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aaa sét 


fert-4 : eat oroat ett oy aut et 
UT St UA HUNT sie at aT 
TT at SI 


Ba ta wand & f fare nu aa SAT 
SUT TCT eaht ol SATA a ET TT aK FeTaT 
@ (afer, Fated ferar rat eat WA: AST 
fear Ft Ste SaIRT Fe Tet @) | Set Tet 
ara & ator cht fee wel Sr Sax S, se 
aa & ATF Var rel S | Fe SARK SaleTT 
@ wifes AL HA aed aT TH Yet wt 
Sarid ak aaa ere BE art eT 
aria aA’ ait at wean fis oe 
a, det Rearft & and & fore va aitsr sik 
SET TST | alae, UH a fea, eat 
pula 3 aes a sitsr cia stan 8 | ae ae 
ait gat fers aeqait (frre oafrrar 
get as Hola 3 area art, 23 Fue BI 56 
fire & aura af & ara are sei 
SAN OTe Al TET SSAA Tet SCAT 
Aht SHA LY HT Alea ea 2 | 


Credits: Jayaram N Chengalur. 
License: CC-BY-NC. 


& few ter vel Het A Gear! at 
& ota At re Fae & ante HoT 
ld &, St yeprer Hr fear ed Sf Sik 
sa santa art ad f HF aT 
Ysa aot ae als stax aet Sted | 
srattet & Sa Bal AH Ales HT AleeT 
ad SSH ae venrer & fore we aE 
S saanfl etd f | Fe Uh IST SN 
@ fe Ga are teat aati Hr Seda 
fora STAT S| A SA ATTN SA AAT 
H stenhrelr car gedaan eet arth 
fret aearat & debe al aaISA FT 
Alt ¢ Gendt = Get USaTet a HT 
Ale sag & fewest sta ah S et 
fret Gena | Sere  ferw, sex et 
fret st Gate sarah Gare HY 
ferent Ga a, dt Car He at Gay 
al SAR Wad Brest Alert tfeat 
ance a et SMT faa gratia 
ao A aaa HH Sala SA & ST 


YSal Tel Ga Gehl HT aS FEAT 
IST Sit Fl FS UH BIN HRT S fH 
act tsar aot ae staat eas feat 
aM S| yest oe cre ath oh Ga 
3, fark teat aatt At Gist & ate & 
areas HSK THST! FahTe aS Tet 
SSIS Tel S fee Uist Tera 
al carla eet F Gar ssiitratin Ft 
HAT UPAHT Tat S| 

Veal dan sik Weal waters 
wl Wet 


1930 & agree & hm, sar aa a 
@A are sastecifem (secifta 
h ALIN SA sel) Hae aay 
Meanie FIT castectifes Har 
a Set wrahrat tear Toit srt AHS 
Te ae (keen) & fatter ata Ft 
Weds Aa, St aya a dl we 
Bart & aH At aes aE aT aft 
Be as A StIST, set echo Her 
4 teal Gan A IN Hh AAT Sa AT 
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ataa-4: ant @ Ba ater Year 
TRI Tt A BT Ae TeTAT 
GT ACT A AST HAS Stet S| 


Fe SRK, SF SAN att SA AT 
arta aant tha erature 8 | aaa 
att ait At ena a, aa at aH 
a att & st TAT 300,000 Tt z, 
feral Adel Fe ga fH ale ae 
Veal aot F atrecite woo eet 
fart &t TERT SY, at tes ETT 
9000 AXIS TAT HH Tea fears 
QM | FS SAS SAAT VAT AT few 
are 2 


AMT ST Up Salta aaret Shh ar 
Gla | Set FY SaeHT BteTeT aearet 
STS Ser fea SA ed Mt ATRL, 
Sik Ferd & few Te yaTe G Ser 
SO TE StS UN A A AT-BAT 
Ata A satel @h) ae @ 
ret aiteft-qgort G Far st Are BK 


(S) SL-aUst Fh sitell-aors S Aer St 
STAT BIR, SIX (A) SATA Sea are 
WIC | Sach Ae CATA SF ST AL USAT 
a UW Ser oe fee ae At tat 
Hot Ft strafserat 23 qe sk 56 
fire Ht @, art geet at Ue Fla oT 
ae FA Te BH | saa BAST F 
aren fee ga dred soft ar ata set 
Ke, At Hse S ot ged KX (ATA 
3 8a) | arteft & Bre me sie Sar, 
aa venir (sitter) Veritas 
SMe SH AA TAT He SF SICAL 
al ae freattta et opr ater fren fee 
ae far teat ait at ore ae we 
Ff STEHITPT oh ches ht fear A Aa 
aifeperett oft | 

ae fret aaet aed & a atett 
teat cot At vect Gist Ht, stk say 
eat cat See Steeh Sat BATT AH 


aTea-5 : UAHA aCatt Ht 
srs Ent Gat feu WA act 
quiet & Wan & gt Wear 
WT Aha FI 


Bhs THT FH Ae-aeaT UT 
veprst cat fer 2, fare ea fea 
al SdH AX SA UIE Ut A 
deat Ga wad & (amet diet 
at Seitet at aed Bas Ae sar 
SIM) | WHIT al Sah Sach UT 
q fafa wear ca aeeat A 
featira eet aif ster1-sterT 
Ut HT TART AT-BAT Teel 
WHT Sh ASNT ela @) St aviswa 
HSMM S| fet TASHA TKI AT 
avid Sahl Stat H a F TAT 
SAAR fee Tea S] Saree 
feu, sifasrarstt 4 st fata or 
By dad & a aa SA GT ea 
@ freneid & St Sa A A act BT 
Ted &, AN A ded AM qarsesh SAT 
THI Scatsid HLA z | 


Gia | eich CHT F AT seat 
q aay Haye we sa OTT afer 
sass ag are aia aa are Asa 
wanicfagihat A sa Gt W ea 
featl pe gafere ot aaiifes teat 
mame & few sett steafreht, 
vera wictaantat ser srart 
Ol ST Treat Teh STN PTET S ferereeT 
ae ot) garsfa wanreafeartat 
& Me st at saat teat 
ematashat & die a qastertard 
aa & few ae wae ae a 
am (estat, versfta att Ufsat 
wametfaaiat & fra At wars Sst 
ff GTA HI UF stead fates 
srfaya Fat Sst @)| cies, Car 
SM Fl Up SRT ae oft at fee Set 
lt Gist Sq aA se sat state F 
Hered Fr at M1, Ta AT AN sas 
WU AT HH FA TTT STAT PTCA 
ae TH ar! cif, cat frags 


area-6 : wie art at 
aareeat F aera Tas 
faa & creat Bla FI 
was & fad gt Ww, wey 
didi & scaftia Oa are were Ft 
aired oft Sah are vere eet SI 
safe, Aat F ged oe St Se ora 
atch @, ae Fat BI a scubsia ee 
meres At Ger FH cst aereeet 
Set 21 sa A terse Her ara z, 
wile Fae ret oTeeat ar free 
gests aviseH H cea Ut Ft 
AN CAAT Sa B | 

a ato tsar wear & faara F 

AAS Uh PICA SH, ST HST BT 

Uifeparredt Laat TSK at At Stragaha 


H SRT SH Al TE H Ae, HS 
HS TER Hamat Hr seater Lsat 


softant srr ertiersira & ferw fear 
TA AT | Hed Sedt St FAS TE Gt 
3 feet aicha teat ait aaa 


fos : verrefa sit feat aaxten eH 
FAS H AT-BAT Tee fear F | 
are att athe cea up varsfa (ea 
WIT) Gal Sl EAT WHIT A ae THANK 
fea te @, safe oe ga awe A oe St 
Sl SHIFTS A aR At Rafa at a we 
S| Sa GEAR I Setar He fear ra B (feet 
aed & Aiea Ft ae) safer ae F 
fear ae se aa Aaa Ta 
Sl Sea WHT FA sat Sep erst 
arare fears edt & sit tar orrat 2 fe 
BHT UG S Fly WERK tay aet 
2) gam faata, areanifta eet vert 
sf srndl ar Seqaret ath esa aera} 
UL SATS 1S Uh ae AT S| ST Pare SHY 
Ba STAMPS ch safe The (SISSIsA) 
sara al fear &, Ue Fed SAT at Hert 
wedl €1 & Senin & sed sat ea 
& Aaa, Fe te Sel SHRP FY 
Sst Se Gd, SK ast SHAFT F 
React ta cet Ge sar @| ae fearan 
& fee S St Sarena ar eR Usha 
Al UE TUT aK Tet S, A Bera 
wfeasy FS up-gat A GAT STE (Sere 
& (AU, FA 2016 & Ag AS... H Sieh F 
AAS ARV HT AG, “aa steahar F 
@n are aeathane ed) 


Credits: Jayaram N Chengalur. License: CC-BY-NC. 
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THITA Slat FG Uh ze, SAC STIR 
ora USA Etat S AT FST ze | 


HavS H Teta ler - wear 
qeavtcs FAT SAM’ BP 

Ted & sree Al Ga Strave At 
sae ant ap ferat ant ar frase 
@| Sah U1 at Fe Wea AT SA 
fee aa tfeat ae ar wae TfeHAMTetT 
Gla @, tet qeqaat a weft fe a 
AC TAU Hes AU fee Hh ANT Hl ANT 
Te O, fare UfSat at Het Ta | fees, 
Gat ae fe at & et aren Year 
SASHA TET HAST Sra SF (ATeRA-4 
oa) | SR SF BRITT Wav A st 
re arat a & creer aie Der ae ast 
Me AR SST VT | AT He AT 
Herat F tet Stat ales seqy 
off fareht Gist teat araxt ax te 
gy? 


Bo Tae Hl Sas CFS GAT Th EB 
Fat a aT | MESA LSAT eal sHT HT 
atta fader (angular resolution) 
Fed WATT IT (ATRA-7 aa), fears 
aro tsar ateal at vepretar aedict 
Wy fear art atat & frat aati 
Teel WEI BAT Sed ART AT 
cfera, 1962 4, rad seit areata 
35 eat Sarit ar seater Ch aaa 
TAIRA sat Bla FS UH, 341273 
At ael-aet Rare Sar Gat ATT TAT | 
Se aT & aot axaxient Ht ate ore 
{Rat ae a Ste ff aga 
rere ar | AA, are # var aren fe 
361273 al aeft-aeft auT ERT SH 
fear (fesor fear) Sat S| SA Wee 
ah 341273 Ar tfeat aah fara ae 
U gach, Saat ateaht G Vator HL ae 
Meg + Steh-Sth Sa BAA HI TAT 
wm ferat sat ate ar fA ga Alt 
uk Ta] sae Te vere wleat 


At teat USat at & ara AT aft 
Tea Sl ast | seis BT, Fe 
set feat aren fos seta eaitl at 
a Usa eax, SmTfRaaere, fra 
ae Hat A Ge eR 


3a Gare al ware a4 & few, arcia 
Rage Aa & anefasart + ae a 
341273 ch avipn (atea-5 ed) 
apr Deroy frat! als ART feet we 
& avisey al Yer axa @, ae say 
aca at Fatt ae 4 wee Hear 
B | Sea oh fore, wea ch ais HUH 
fasts dst OTe (fre vise Vat Hed 
@) A Aferaa ars aca (faa FE 
a4, Bae Feet SN avis & Yerit 
& PRU Wa Fa a st 2) At 
ase S SAC B1 381273 -H avin 
Tag ation Vare off off, fear Sat 
Toes, SA are ferret Ht aca & few 
versa aereeat a Aer set are aff | 
eel Ba oa We AeMedt ard 
ey, ardia Rage Ht sama U ye 
Users ST fer avishH VaTe ata 
Wea deat Ar cereal a Aaa Mt aff, 
fees F aet 15.8 ofagra saver ces 
aaeeat HK Tea at Tg oft! writetta 
Glat S AM Tet WHIT sh SATS Aes 
aineeat (fae Yeferge HET VTeT 8) 
AL St LaAaT aT Varo at aa 
ah Hs WMH! S el el MW, BI Ae 
Bast strat ot fe a uftada was 
 faeak SNOT Sl WS SET Shea, 
aie 381273 & assy At aoreealt 
F Sa Facts, vet ca Te feet 
of kefime Ft qe Hf sat SST oT 
fe cach aving Lait #1 PeBre 
ae da St Varsit & Ba A Teas A 
FS THA MH | AS 1962 TH Ash AE 
aad Kaus ot seq off, sit safer 
SA Ta elt Uae TAHIR Teqait F 
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a ump oft ot) aaracr ae fret sft 
We AL S Hel Sarat MAHA at | Sta 
Ba aad & f& 361273 ale ant set 
@, Tesh Uh Sth Blet S, SN SAAT 
SH Ta oh SIAM S Se TAT 
aftr 2! “Brat cde der seid 
Ba Ae Tare, sete let ERT Sa 
frre a & get seater aart 
TH Vea Sa eS, AN CAT TeaIT 
Al aret G aHAleH Hen Sat SrSat 
TSM Sl SF HET HB Gare Sle B, 
wal caret ae tat seas Get aca 
@ fae Kexlcst SU THST SAT eI 
satey, cheat Greta | ten ferret 
at aU vaHR Al aeq at Gist Fr aft 
fae ste STATI eT a Ufeat Acta 
FA S AAT Sal V1 Fe SA Tet FT 
fetch Up Serer @ fer fora ae BteTT- 
AAT Taree WH FaS Al Vat 
ae AS lent Sa ale Gist BMA st 
Geadt €1 sk arg F ateat tar a 
Bld Tel &, SN Va H AT srl 
Gert G AAA Ag SANT Feqait 
aft NST Bret Tate | 

tsar Tefeeat & hex eA are 
atrart seth ele, teal wearers 
aR GS VA ate sthett aniefia 
aedd aet S| TR Est A Ieee 
at (ta fos fret Fact WATT 
aiftent & Gar slat @, clear Sat 
Freart ae feacittter Ft atcit &, sc 
Soa ee oh xem frat etd @) 
ak ameta wat wercett fefeacor 
(fet ott at netfaente & ae h 
aaa & at BU fate, Sat Tas 
Tare BI A aA SST Vt AeHT AT fh 
sclaerat Se Meta +t reteRt IEeT 
Tea, sare) At errr S| ae 
afta og aA ated feat te ft eat 
aot At afer Seats 2 | STATA 
Uf, wares axes ee fear & fe 


sional Udtat At Rear (30 Sahat) 


The oor feraeor fear S| eS et SeTT 
Sl Wend & (fara-5 Bea), frag fx ae 
ard fir etdt 2 ff sa9 Seu 
Ga al GASH & few Bt Hs TH 
Tait Ht SEC Elet S| 


get wea Year aan 
itera?) 


1960 wl am - ana eat 
UCTS F AT TAA ATor West 
cht qusedt F ofrecer Bt aT | 


Sarma & ure At verfsat a 
fed, 1960 & ear F aT, Het teat 
aera (Heh) AA FI TEU 
FS Reich S| AC IATA Tah 
530 Het cea sik 30 Alex tet 
a1 Sf Tel Fee saa eI 
(AsTgUHAN), HTS H MAT Ts 
CART & Aca Tel Us AAS SRT AAT 
SAR TATA TAT AT | 


faa-6 : Wot & ura Gets ata F fara 
aaa tera teat aragten (freer) 
& dar stewart gfiar 3 fener 
Yat dechittier & @ uw 2, a at 
aren At aineeat ox ft wad Gaeastter 
qealcnt Ha UF C1 25 fener ch atarHeT 
aoa gu shen & tar Rare 
ara aefit sara & fara Botta ter 25 
freeftet steer aret feet ator star erat 
Sl (@) eam Go Ua sera Fa 
30 UT é AN SAN SR UH HT Se 45 
lex 21 ca) sftusemedt Udtar Ft feerfe 
Uh aera ay F eel Ht 1g 12 waar 
Wl Ua Gers Wa F Sl aeht & UAT 
erat Y det ara aett 3 ysreit a 
HERR thet &, SN AHS TH AST ETAT 
14 feeiitex ars 21 Haat a aaa 
warar & fears tiga & sta Ht at ee 
25 farctrter 2 


Credits: B. Premkumar, NCRA-TIFR. 
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atea-7 : Aromat & 30 Uta & fret are Gehal at gH Ga (Aperture Synthesis) 

ANTE TfSHAT ENT UH-TAL A AST ATA F | 

ae dreet warner ae) St ord eet woe tet at @ Sd wa Sarita SRI Go ana eH, Tel 
vam @ ff agt qaeie Be @ ae ae ff as aexlat are Fars deel $1 Fe ana ci fH Rate THT 
Raster & Feat ST Te aS aT Mea A Sect Sra Tera HT wet saftey Srey SAT AeA ret HIT AAT AT 
aexte ft oat H saat 21 e faads (diffraction) Wea aad z) | 

orm? mer ae eat € OT oo a A aitet aa 
fret areata 3 weet at KA TT FSET TTD, et cet | ate weet 
caters & fore at arene Peet Rraihet OTT a aay ara 8 fae fa 
sect 81 sect & faeth B SRP CRT FT Stoo eave ge 
ay aed at sed atin AAR & IGT SAafier ara a venta 
arated at et Se ae ae FATT SEAT ate: Stee frat a 
arora (areret 35 fore, gy SAT Bl A AH, HOI Aer oper teat eau 
at ore feet ordi & ata aig Peet Putte ore os & fare a gear Sree 


at Ue, ar Rae ceaie  L Te Se eH TT as F afeit fecinfiex 


cect gat eherett fH 3 at 
ft TST sh St AK BT 
fea TS 8) | SH et exist HT 
faver (resolution of the 
telescope) wed el aad 
ana @, ats aeqait al 
aft ist ort ft amar als 
ala fae ex eat @, Sea 
a afsa udta eat 2, a 
Rae Te aa zs fret 
Usat ala & &, ak at ara 


ete Ue aa 
qiah saat ofthe 
at, ae ae fee oq t Stetst 
ST stated wet TeTeex 
arel fret Senet & Bet FM 


ICRA SS Slat Aa e QM USM - Fe a UH we 


Sate @! ea Car axis Het 
oat freer ieee feat 
feoeitet STH aot SUT 
SAT eT? 


fess : feet ata ar sea a 
aed SIA ceh Veal aed AAT 
viewamet & Uda gt 
aad WAG h chests UT A 
vita me ant | star fe sa far 
SSSI Aha z, MS-a UT 
& ary at, qedt ela a se 
‘aquy hl HUT STS SPAT FTA 
wal @ fara Ba-ae AY aarSgT 
FLT a 


ge avis it fio we eA 
srect fi mg 2%, de wee 


a fe fora ate SA we cit a 
St UE off SESHT Wea AL UTA F Gebdt Al “are free? & fee ea 
At | Sa Hat at TATA TK THIN Hl AAT B aA aret 
me aera Fl ddeastera Ua Fs cu Al dad WH at 


Hel ST | 

Ucar axexiant 4H, BIE AK 
FRA STAT GT WeRTT Hla 
mR Gafeat wat @ (faa- 
7 a@)| was 2, f frat 
ast Reel SPT, SAT 
after vert ae aiem, 
art eee We BT AA 
arett wa fare aredt at 
ae BA Ht) sear a 
wat at anat @ fe faaat 
SSI els ST, SAAT et 
afte THT Fe Tero, SK 
Se et aft adeasitar 


faa-7 : azacifren ator ux fiedt center cht fencot wtenat az 


Went Shar At widt $1 Wachas adr vera Ft afeeat h 
BUF ae aed €1 a ao Gare | fe are aH Sal HT Ge 
A SA AIT FH fers (Hae TN) WL SHS HL eet S| EIB 2, 
fer FS GLa FATT THT CHA HH, ATS Fara Hele Vy, 
wearer eee aeqant at oft Gls TT | SA ae TAT sae fer aS 
Seacht HT ATA AT SSA STAT e, AT ale Al Ash SATA TRAT 
Hl TS UA AL SAAT THAT TE Slee | 


Credits: S. Meshra, NCRA-TIFR. License: CC-BY-NC. 


Ue @| aaa, Fs UH dea 
fareda carticht forse 2, sit ga 
Gaal aa a ea aa fast 
a Fed SFT Tet STAT | cto, 
wah ofa fae eae feat aT 
wae sett @ ae ae fH va 
wiser H aed ahead feted 
scenes 89S aigedat 
sremiiter (er) sar FANT feat 
arat @ - tfeat waefaart 
Sa eatent FG Panes Tet 
Ghat Hl SSH eT Aet 
aad! 


Credits: Jayaram N Chengalur. 
License: CC-BY-NC. 
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ata | ser fee feara-7 FH Sear ST Beha 
&, WT Wahi THT lee Te ebfeet 
TAT S| At WAS SA Gle-wle TTT SAT 
GUS Tarene Yt ol Gerd S| SAA GF UAH 
lhe WR Aehfesa fafencor sal GAcaRe, 
AR St UM Ghat Hl UH Gre freee 
tar frat ST Gea Sl Ae Haw debt 
dar & arr 3a feet roe aor (tar 
ado aT Bre Ble ator &H aha H 
aaa as fauna & set et) a fe 
Bebe | TH ARK Fel VET feb Fe SAT Yoh 


Vat safe aif verre ar Gane fath 
Ble cot & aa F aA at Aa a 
a fear ara @, sik dha & Sat cart 
fest’) WX TSA ATA AIT GT Se FI 
safaw, Ble adult & age G fret art 
ded Bl Sram BTS ary feat 
sare me waste ar tite ta ahr 
3p tetas fear diem Serer Tee 
adv & ata a wad ae fers & age 
€l, cet SAAT Gaaagitetal Va edu & 
Gar ert frat dat Ble ado & 
Sahel Hh AMT FH ATK ST | 


IR SH Us HAA BIN BM ad, a Ba 
ae te and & fe fret teat ala & 
TAH BF SA SG AH BET SA TH AST 
TGA WC Fa Sta S| SH Geta Gla 
afSartor a at are care fee echt & eo a 
HRT A Hie gH fh straher A TA TS S| 
aM &o &, ora eu foreft ita sat gee 
Sea | Sed SA TH Var Hed S a ad 
@ f& a oe atu, se areata fase 
adu & as aad Fl aarfas ae cd ZI 
Oformacaed sit ator saat & (aT, fara 
AT Hl alist fear az) ae fata 
Ble-wle cdot S fact Sage F a 
aaoT Al Te A Uap afer acer sb IAT 
FATA Astalh Sta e (FaA-8 SE) | SA a 
Geet ch Fol ar gikeh GATS HET STAT 
@, i ad ae dain 2 fra SfteasSt 
HA US et Aer aglh STEHT FT STE 
THE Te cht & feral STATA z | 


AAR Hl chy ASAT AAT 
fore scat frat tar &, FS aAT 
BMT SM At TSI HT START ata 
USat Slay SH SHR SAT Tea ATT, 
Sat sent A settee Tet 
& feed ae ales var aa 
seas HT WaT, St wa ERT 
seafstt wnat carsat ya 
At am anfe) casa & A War 
(fare ars BT a ‘orditer & 
AR Hr stead hed @) Ca aT 
FMA Ak Heal Slt ST 
at fide axar 2, sit apsreft ak 
Feta ERT SH At He S Tare 
fea st WHat 21 30 at a off 
FA WAT StH Tass, Sst Ht 
sand, St srahrat We ae BA 
FM S, SAK HT HLA Tet SPAT 
& uae ddeaia Kewat FH a 
We UF et Sah Bera, sleet 
al SAM, SAT CASTS HE, BK 
SEH SETH ALY Sh HATHA AF ATLA 
4 ump cacy feat erica ayare 
fare 4 uae FT S| 


1990 @HT aye BI UH ‘ates WH 


1980 & aah & Hea HF, Fe aa IS 
SM oott oft, fe erate ASA Sash 
oft Up daeaater eexlsh aM, etferst 
ae settent Al at cast We (atearz) 
chereaare aAretae Ut cudidie) Ta 
Usat qetent At arreft diet st 
atta aga vel atl set feta 
Sharan sare a tfeat wrest 
aye, fren Adee Ht apat Mifare 
ASU Al A, A Hel ae Yeat 
Seer Al ALIA Wl HT HET BLS 
PEE CCORER ICC CRICe 
axauter (an steered) war aT | 


FS Hecht Hl SAAT TSA ASM VTA 
&, ae ufos, afar 3 aga 
am aa sé oat a ae ae EI 
werete Karis & UTS Fe TAT 
oft atct 2 fe sa eH tat cara afew 
Uf @t, AIT BES St ATT S AH 
Wl Weal we Ua set HA cI z 
St Sat Heateat cr ET Hed SB, SAH 
amare & ears 4 att fear, ik 
fact & Sa cde) oforeqen, 
SMa Hy ea Sed HS LIT A 
serrate eet SATA | 

qeatt a, teat eregtant (aad & 
Jat ast aindeat ae ary axa 8) 
al Ua Sas aT UTA RFR STAT 
ae Sk feat F TT ST Aa 
Usat Kee & feu feet ea FT 
a hl er He Ae APSA HEAT 
@ fe ae ara srr fifia start 
(a Alatsct GM a tax, diet sik 
Ueat cee, aiid) @ afar tl 
ASMSTHHAK MS FT ATCT HUT Hy 
Sarat apr Pretcor fepar, fas a Usa 
Wor a alte 80 facet kX, GISTs 
rife Se are fore 2 | ae sre Fe wre 
Woh UTE ee S UH as aaa 
Sr oa & fore sett afer erat 
AA S SITS Vt ep At | ATT 
ET, HEAT CI SOT AT MT (AK 
ant ak a fet es verfeat srt 
afar fh) fer ae gor site yray A 
sant, fat sik tsar grt tar few 
a ate saat S Ht ele aT 
cleat SH Sexist Hl GAM HT at 
att oft wap att SAT SAT AT | 
fesitga 

STRaTH Theat fas Fae A Ua 
ert FSsgt Vea GT Ta aT 
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at aaen al ft eet at feat) Se 
oneaites =a & tsar eaafasna 4 
sara F srt te UAT a wet Get 
Tea cht UAT SA SAT WeATa TAT | 

ayaa teat qexicr, set dh fh 
qd tt scdftan dure aie wet sa 
aa aasias oft teh BAe aera 
oe ar ata E aes wh Ste oath 


Gt BA HUM Tet &, salee ae Shara 
at ot fee we ast, aes Taree oTeAT 
USal REMH FART STL Sl ATT UH 
AAT Shep LATA FATT | THER SET 
 festsa yeaa 4 stm sei Ye Sr 
TY SST WAT | Sah Sa fSsss FT 
STIR ae aey at fee fered ator Ft J 
Wea SH Sash Hrs Hes Sl ToS EAT 
wet ai & Sra sa edo & vests 
Wah AA SI USAT @ | SATS SH 
(frat aineet archt cesit ere 2) 
HY Stes S tstdl (areathtd Vth) 
@, Clea sel ser verre (freacht 
aires wret ett 2) ar afm af 
adada ael ae ordi) gafew, caret 
anceat ae teat qeaxtat Ht Tet 
atch & aerceré 1 Geert aa Ft 
agar sel oft fat sare Bret 
aieeat F aed | 

teat were 4 adi ade at 
TSA BT SAT AMA Ie WOT 
gad USat 21 frat aael & fae 
Cat araat At strana eld & fra 
antcht & strep fear at Gara & Bik 
STA VT Gad @, fret Wace 
fe a aad aaa ate ete S14 
Udel Hl Sue Sat F raha A set 
2, Wel $4 del Hr Ver eat sala 
sett & af 3 avs & Han F ath 


UR Set Al ter Ge | TROT SRAT 
rad? aaa al TERT at & ferw 
wf wea stat Ft seca 
Usd @, Sk Falere SH TAM AT APTA 
Fed aS Set S | FE Strahl aK STK 
aa a are anfearelia cor wa aot 
feaftat sroefire at srdt 21 dere 
eaeq + tar fesisa gare fra, 
et Wad Aas UH AAT AK Ar 


Toft oft, fie ware aT al UH Bee 


Gers Sit S VSR UH Tac 
(Gusiferr) erat sara TT, sk 
Bt AK al frat Bel AAT A AAT 
Ta ates at street aifeoat Stren ct 
ae | Set Sa AC fesgt HT care 
(Stretched Mesh Attached to Rope 
Trusses) ara fear| wae festst 4 
ge a aca at oar Fl eT A 
setae HHT at ah, forare stterept 
HH aT A Uh IST AEH SA H AL 
SVT ST AAT | 

sfemamedt, dismgupsin & Ufsat 
MAMA AAS & fag APT SFT sax 
Sort Ta wa fff Her a, sik 
gay teat aera & FS we A 
ore a Uae SST Bara wT a eon 
aa ar ara oft or) aaa Be GR ae 
& eh a sfienset Ft, 2001 # 
oft Ta Stet A use Ht aalta ape fear | 
Ba alexi ch HT SSS SA SAAT ATT 
at ate G Saft erat SRT GTB | FAH 
afeenier dat at at Atsmgunsit 
usa teat writer silts hex (Ra 
ara oe sficaaindt & aeast FF 
cartier fora wat at) F et dare fear 
TAT AN HS SA-TOMAAT Sl HTS a 
UM SaaM FEU (ASTRA) A 
fesse 3th afte ferent aT | 

a aaxih FH 30 srert-srert Uda S 
- Sra Sw mH UT 45 Alert caret 
are uh wae Sat (parabolic 
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dish) @ | Sums Ft 30 wattat 25 
fereitatet care atet aac Hi theft Be 
€1 9 aot Ut aiftenc Great ERT 
STS FM HU SL, ATA at BA 25 
Recither 3 iteg at aats 
a Wheat Ft aelit der aa 2 
(fra-6 3a) | sara Ra ara 
Gehat al fara dats & SR ast 
aT, SA STATA HTB eatrencar ae 
(interferometers) 4 3k CASA 
(Aperture Synthesis) el STAT rd 
(atra-7 ea) | ses eft & 
wae fara fraia gated 
Gael FO Um @, AN Wd St ae 
amt HG up @ fad tet aoe 
frat 81 dive sik ude 
Garferd etd 2) Sat ga ate Ft SAT 
afaanat &t ae set ff sftersreet 
H Vea Gas Hl Aldea Veda Ht 
ude Ff Cada Se V1 A Wea 
seniscr waar aettat At ofspar 
a asd 3, AR wad So ast act 
veda a aaa srdfta fear sar 
Sl HUA RK ATT HAT A SAT T- 
STAT ORASATSAT OE ATA LAT & BAT 
fat axe ft erica aeqait a 
Tat aT @ FAH SA GN AVS 
Tel SARL HANS oh ACIHT AAUTST 
& aat & faa ta a faced are 
SSH Teh Me S| roel He ATA 
4 sfemsedt 4 tarot ch et GAS ST 
alet A GAA UR GMail Hr 
SPAT Heh Meat Sl SATaee Pere 
aT S| 

frag 


fadta faaag & are saat A ard 
Ae TSct STH S HTL Ste Teh 
Usat gastat 4 aed Aa AH aa 


fare | steaanedt afed sist h aaa 
dace Kextet Al daeagttcra 
Tech thet ch exegtent cht eat F pet 
afi 81 amgfiae Rass aeqet 
ad 1 sarect & fer, sftumemet 
Fl STANT Hy MLS Sh Sasha H ANF 
Gist ae & ferw fear war & - 1200 
FAS Aet Veet (At Bas Tet ART 
AN oth SICH ST Tt aaa 
Te al Up WA cearsar F aaet C4 
feretepel Teel) Tk TAS Hl AE Tet 
SSShM H seastat F creat aK 
HUSe h SIT Del GS aT SeaSTAT 


aml aft aan, teat ertetfasrat 
a at ag Git & feu de ae 
Tee fer at ae S| srettiey tsar 
GAA HI AAS Bel @, cifeor 
ae was @ fh Gast | Sa ST 
sara & are aet S1 UH Blet 
AAS Sth HOT SA CVT HT TAT 
oft weairgt afte syfererarch cer 2 
serene & feu, tfeal aeuiterfara fell 
HASTA, UH HS AlS-4 MF AHA 
Ha uH 8 tom qesiat a Raes 
sear a Bat 81 Ger fe vat 


ft aula frat tar 2, sivas} at 
STANT SPAT HT RL TS Ach HK Haha 
@ fra Tes Al Feat UAT Sar e 
(fastsat & we stranica tact ent) | 
set yar, wedi wuefaart att 
eat ST sare Te sat axel Ar 
SGT aL Be Sl Tet Gebtota 
ak yaRaare & ufteasr 4H, teat 
waneafaart + fb was F att 
Ratt at ead a Ua ged sar 
Ter ard 2, stem raat IH eH 
oh WAT Hl Us ATaeT hh SaTSLT oft 
TET ALT | 


Note: Credits for the image used in the background of the article title: One of the antennae of GMRT telescope, Pune, India. Photographer: Rohit Gowaika. URL: 
https://www.flickr.com/photos/18419987 @N00/3119728744. License: CC-BY-SA. 


Further Reading and useful links: 


1. A brief introduction to radio astronomy and SETI can be found at: http://www.bigear.org/guide.htm. 


2. The Australia Telescope National Facility has some interesting material on radio astronomy and radio telescopes: 
http://www.atnf.csiro.au/outreach/education/everyone/radio-astronomy/index.html. 


3. More about the GMRT at Pune can be found at: http://www.ncra.tifr.res.in/ncra/. 


4. Avery readable account of the discovery of pulsars can be found at: http://www-outreach.phy.cam.ac.uk/camphy/pulsars/pulsars_index.htm. 


5. More about galactic interactions and mergers can be found in the article titled - Interactions in Outer Space, by Anand Narayan, i wonder..., 


2016, Page 4. 


Issue 2, June 


6. A popular account of radio astronomy can be found in the book, The Invisible Universe, by Gerrit Verschuur, Springer Publishing. 


TATA Wa, CHT Us feat Meal S SA Ter Aer See Gea, Aeay feort aogier User Garett Sex FTA 
aed S| ot Riferd ot Ssithrax oh wo FH eu, St StepeHTA ga AA A ST Te, SK ft set Fa US Rife Fe See ASAT ATT | 


sqaTe : He FITS 
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Ut S ATA TAT S| ea 
STAT AT hl BK ITS 
fara frerut & Veh SerexUT 

a freft chat ar oft serra 

fora rare | 


frat ett sak fere se da BAT 
Et 8.1 Spe Kran Hk wrk F 
faa i fren & ar F sara asa 
Teafra-senhd Ahad H AT SAAT 
GR SAY UshaA ST G ASAT FAB... 
art arch Uieat & fere |” 

—TIgh FAK 


“Ht CET Aa BAT At fe CapeT At FI 
alg aed Wacra we sta, cia Fa 
arine 4 Wet ae veered fect fe Haft 
tpt a fee off, fae Geer HAR Slt @ 
off ah TST A, SATS st CA SPT Bt 
USI walle See Ta Ti Hae Fiche, REA 
al of sed Hae fred” 

— wifcar, san pet at Uw ferereff 
forest chet F “ferarcre rer” (WaT 
Rah Hrises F art ferar a | 
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uiitfeafa,  —- Fafencarchta, 
fefaea sik sifiie se a ara 
F WMA see tt 2%, Tat Fe sik 
sped Slat ST tet 2 fee faa & rare 
faantiat ar ve alee, sacha 
aie asm ¢ faa area a, oe 
at pe At Arar St SGT AIT SATE 
ure aft afar H STANT AL Ach | BA 
fret at aif ae afew fa 
a aot feenfttat at tet amar sik 
Gea F cde at Uh feat wae S 
Fada site afeee abt atic ar 
areal scafaara Bet HL aI 
Tle STH Te ela S few rar aE 
AM ded & fe sah faarelf atet 
aa Ff als ast srefeeat afte vet 
at Ghd | GMA SF srcht Fe IT 
aa faarffat & at F afer act @ 
SUS GASTa S Btrd S Fars HSTIRT 
Ht fears Ht frat sit Sas TS FATT 
a aT war @ (aM a farereft sit 
TR A HR TH THAT Se sta 
ACTA SI AAT H Ua B, BTA 


wfafaftard art et frat 
Teel G Het at et S (SK 
amt oft aad wehh star 
sid J HMA BN WA Fa 
ander eat at Hedts 
Wars et hh HM Br Gad 
el a fat aay feenfiat 
al feta & fee aratfsre- 
Sata Tat site sathray 


Revi: farsi amie aa - ager ace! ha Aue 2 - ata ya? 


Credits: Illustration by Punya Mishra, 2016. License: CC-BY-NC. 


ford fag &h aM Sik Saat 


ik Seresl S Bd @) | 


STATS aT ch Wht Se Fat 
fora gate? 


Arar AS oh fe SATE ferara Yt 
fiat & seva sk sah oaenita 
wey 4, fag & FM Sik Aleit ST 
sedaret sitar at aatt ab fre Sarat 
fret SK SIRT LIM SAM 
feu eet, reat 21 as aT 
At are apt art AT saat wfafaferat 
AY Sa Ue Sratent Al SF STEHT 
fret aid & faa SRI a Sa eT FY 
Sle HL Ud El 


faa & o fae at arte = 
& fa are eed SF Set Har Ft 
mrfetferterat oar secret arat feremrfsrat 
al Grater, Usttfan, sie wtfara 
Sy OG Gh TM H SHO h ET 
a aed S| faenefl gar st Atser 
STACI WL Barer Sart Ahad & - 
tel aca at faaftat ak sah 
amare at earch @ | faa & ARrate 
a feranteiat at aarp ot Gael SA 
& fer aradt fast Fr Haat HY ar 
SK aM Fi ta ast S faafaa ak 
SATA FX ead & St Sa AT AT 


Set wfataterat arftet Vt S| rere 
Se ae Ht feared é fe tet areas 
a FS arate arcat a fea ate 
AAT Gare pw se aT SAAT 
gece Fl se! & sal PTS SAT At 
& St Sah foenlat at eet a are 
Prevent ara fore sit siren && fere 
aqeca aM FY Wort edt S$) saa: 
te fra ganda seca aM, 
SN A ART GATS AT FETT 
SER OTe Freres FAA FHT SEAT EA 
Uh SIT ST A He Ste sd 
@| saa fam dhe 4 oft or fra 
Ghd @ ifs wH at HET A ae 
TM GHRIH Feels aM Ft atsht 
aaa frarftat ar faa dat & 
Uraterd eat al efter Het & ferw 
Uta at Gendt S| fax faerelf ara Ft 
HATE BI Carlee (PAH SAAT 
HAM Vt) Hl AishHA lsh a Ig 
HAN Sal Gad & A/a aa six 
fags aftart at ser ant ar 
Gana Feald AA & few asi 
al Tard & | Sarat & fer, & faaneff 
Sl ag & Aa F ted &, foenflat srr 
aritsd te ardsifie Gare sata 
al Sa ae F saat eenz, fe aT 
eae abit al saat Ast aS 
fran dean sat & few fea 


THR Wiser e aad &, fact Phat 
& ast st ae ae and é1 2a 
Se FSA Sad @ fs, Sat frenfsat 
al ae GAS A sire @ fe a fat 
Ht wrette sedated (at Soil, Ie, 
aie, An, see) aT saa, aA 
oftant sit dled al Srreh SA Fi, 
Se See Ula Tat H, al Gerd Sat 
Fe Haaser Sach fer Se saver Hey 
HR Ue HETITTT Bie arate St STAT z | 


Viet Sea AT Hed B? 


fas al sah faarfiat & few 
TST sas Sd fetes oh Rates aT 
aX Ghd &? fers ate & faenfelat ar 
Ua Bea Bess HUT Gad & af 
sad feeneff fast & ary GAe-agt 
OAC AR AIH HUF HLT aed SETS 
Como 

Vas wMenat tase Rosa 
fete + aeepe 4 calaciag 


faa-2 : Ha Geet F GemPra-stranika 


ware | 
Credits: Illustration by Punya Mishra, 2016. 
License: CC-BY-NC. 
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& AMAT Sh Ue AH HT Uh SET 
feat fat, gee arises =r 
fee arate ara, & ae % 
s¢-fité aqratfare fora aT aT | SAT 
ae faa & fre feet ada 
TR ahfesat ot fares Sty SIs TpeT 
Taare WeasH H ATATfSe 
=a & arat al efter fear al 
freer ara 3 as faenftat & are 
cara vata Fr eae we at 
AY oft, ai fet se Ate fear fe 4 
SF CASTS We HT UA & fers ST 
al ct AerT-serT Pepa BHT H 
ale | sa faanfiat + at carta 
aerart FH yevat & AL H SAT sik 
Tarn 4 ot & warafaar 
a arated vart feu) fat seh 
OM & ts fast ch fearsat oe cart at 
PRE He sh fee weet oft sare] 
aed 8, Set ara cara ada ae 


Recommended Articles to Learn More 


— 


. Birmingham, D., & Calabrese Barton, A. (2014). Putting on a green carnival: Youth 


taking educated action on socioscientific issues. Journal of Research in Science 
Teaching, 51(3), 286-314. http://doi.org/10.1002/tea.21127 


i) 


. Vakil, S. (2014). A Critical Pedagogy Approach for Engaging Urban Youth in Mobile 


App Development in an After-School Program. Equity & Excellence in Education, 
47(1), 31-45. http://doi.org/10.1080/10665684.201 4.866869. 


TAA G St AAA hl ers 
& fre arafeer Hrs oatsrae ah 
ar | 

faenfiiat grt feu 1e Hat wy, sik 
SF SHS (HAH Het 24 farenfVat 
HS 9) Hora aAl ng orate H SAM 
UX UtasST Al Te AAS H strat fas 
wa sah hat aft feet arate 
I Al AK SHG Set S A Se ATA 
oftat siften areal rt Weare Sle ze | 


(ae) ae afar wet are 
feet aR at aac 4 ge Ht 


fera-3 : wifed cot oeiten, Stat Al ona He F gare Hae feast aT Mihara Het 
aret Foal & oat poet “ETAT ist are” ox feresrei fea ch Ust ae Hiss att great G Ft eat 


Hh Tet H Het S SST SA | 


Credits: Photograph and Illustration by Punya Mishra, 2016. License: CC-BY-NC. 
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Aas HELE AU &, SN FA ACA Fl 
ord & fore & GET PH Tel AR Te 
@) okReafa @ yefaa cat ot a & 
3K Feed art Ht Hira at st SF 
RS! 

cfr Fe att aM F teat ert fe 
feet area & aa--aa fare ae 
ael Ad & fer ae oa at ae St 
ape tet oft) aris =a Fi sik 
sare fers aft fren tet art arfee 
ait ferenfiiat ar ararfste, ustafaa 
aK wee er a at aa 
teases! & ser 4 fear fe 
feanttiat + 34 dia Saray FS Uh 
Tene SH al HERE fra, sk fag 
OFS HR He Thad A Act 
ery athe et & few fara Gear Ft 
a san aed Y Sah a er SSA 
aratt frre off sifex aft) uae stk 
Oe SATA A aa eet fee ster et feet 
art vatacrfasra veTd of, cf 
OTA Ses MATE cht SA STS Hat 
whl Bt ate cht fasta At Heart F 
Batted feat AT Mena S| 


fern fea atta arate =r 
&t a tare faa rere aa 
Wena &? 

faa Ft Hare F arate =a 
frat at sat 4 aM & vara Ft 
GHAMA SI SaHeATAM SA H AN F 
ga aera S et ae aha werd 2 
wel sa fia Saaat At sat Ft at eat 


2 fare STAM, arash ara & ferw 
Haass fat Welt Sd AST 
orettet eter S| 

1: faenfitat & tara sik 
Beat cl agrat eat carafe 
saa) 


wa faatat + seca & far aH 
a & ant F as feat at dia 
ait Hh Wat Hale Stel, Sah ae fear 
aa & Het UW Set Ba al dla 
AT-BAT SS A ate Ferar | cifehas 
freee ards 3 =H cit at aqE are 
few ara are fui 3p ait an Pee 
sal aaa al Aan a al als farts 
Aiftat sats atk a et aig fears 
feu) oforracaay ere at fcr ser 
STAT Safa VATA OL TST, Si Sea 
STAT TA SK Sara At wafer 
el 

amet H ha carat & : faenfsiat wt 
we ¢ fh oF fays & STK WH We 
HO HAMAS SATE eifeet AE At 
Tal ar Get fear et & few ae 
Sed GIA SIAST FUE | Be ATE 
@ fh, tare & Ue aratster Peat 
Hh UsarMctsh Std & ded, fa 
fererreff ah ATE GET Bl ch, Prete 
FaET STG HUM RA Hl TAT GASHaT 
SAA Hl UTAAT hI FIT aL eh | See 
Alert ¢ fem & ferent Uh Vet arash 
HAG FATE St FE TA HK fer ART 
Fhe adta Hen afew stk day Ft 
fearfeat ar ha eet fear ST ehaT | 
amy faarftat at ant sat fe a 
ary ferent steed S He XL Uh BAN 
Gal, Sl FA F Hae cht fara SRT 
a tae att SHS HT GATITA FL 
a | 


mss 2: aeara & fou ae 
wet td frenitat at ca Het 
(sft Stara) 


faenfiat ant wae sat fore st 
are feet area Te al Hat & 
frarHeaat F sermt ae fear) Sah 
faenfiat at ae wear vet fier 
fra Fee Ba ar ey Hr Usa 
At, akon famtahat & aed 5 
GASH OSM ISH BZ, Tees AA 
& fore sett et sever at, Sarat 
Saran ofa wrfledt aa 
aad FAS Ut | ROMER, HS 
faenfiiat + at faa wet arr cat 
wT oes AL St St Tes VA SAT 
ot, afar saz faarfiar + at ae 
oftatsen feat ae art et acs ae 
fe faa & ara ari =a aT 
ater & few ant sik ae att aftr 
ala het few STE | 

amet F ha ara z : fanfsat & 
ard frareeara ar afsha feet 
a4 dle Sah Sk Sr WAaTT + 
foe Feay seers fee aT As | 
Uh fh FR Sa AA ale Haat 
sik avaféen veret & shat a whch 
Al Sat Hi, AN ANT HT S2a-ee 4 
alel, a Tatar dat Hl AT HL ATA 
Gal & Stat K Aearaach Fae 
was ee F feat ft qee at 
GAs & sat Aes Er? Fr 
Ua AA H SAAT Hes Hi Vi STN 
Ia AAI S earsg eld & Aes 
fare dais atlsciia & area a off 
Fed AM A GAM AM AHA S| SATS 
& fer, faa & firern ae yest F 
aay faenfiat ar aeart at aad 
& fh, UH carla chet Al SAT 
ata F et ae Ga ar Rawr a 
om we SA ae ae veal © 


@M areft asin sala S aan are 
8? ardafereét sr srart fra ae 
AISET sranfeat a efire oe sree 
% fare fear war 22 Steer sal & 
STANT SA Gas cet cay fewest feta 
a? Heer fag oh wf afeeait 
arent al aecafen ch steerer 4 feret 
ate asaters fea TAT 2? 


TSS 3: Wa wl aaa & BT 
wart wea Ft faenftat At aac 
SAT (Mets SAT) 

aa Baia =a aes a, sink 
fase FI A Ga Se TANT, BATT 
STU St at faenfelat  aarkeraco 
al fears Ht rar & dha sik fears 
UY SST aT Ghat S| farereff 4 
SY hl Aaeh A G AHA HTT HL 
ah sam fau ge sett 2 fH Res 
Tea Gas Ta AAA srerseT 
apa | ferenfiiat at feck Aacat He 
Al SARK ear St reht set @, ae aff 
sett @ ff faa & fare ferenfetat 
al tet date arerarsit sit aa a 
aad aa ah fee a gece & few st 
oft prt ST Ale, HL AS | 


BAe A ha CAT S : SA WidST FT 
Wea FATS HEIT e, claps fea 
IM & ae aah Ws Hat 
Al ASAMT Va ches Hh fore fRretent Hr 
ait Staal SAT VAT RAT SPT | 

SA atat & ait F dhas F feensat 
at Hee at, fad faceoff sit ard 
SAAT Aled Et See fas oh GTEA BI 
3a Bae 4 aM & get wear fear 
ST Gaba Stl Ua aN frenfsat & AA 
H alg FST AT ST ATW al Sa Ble- 
Ble, TET H Sa Tet Tea A ite 
sah aaa ai | sit et Ht omer fi 
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ae Tat arant fe sq Sle-wle ak 
He UH H aaa we & few 
se F-at Gate sarkat sik 
Aleit al Ghar Ht Seta 21 Te SF 
De Met Hl Wa He a at fa 
SS TAS ad te BI Tat Hed 
Tees A Hh SAH TS AAT & fees 
alle AT el S (HL TT St See Sa TM 
apr Vea oft pu fe fea TER AA 
AR Heil Hl SAH GAT STH ST 
Tes F A ASAT St ST TET B) | 
farang 


ae sted 2 fem fears & frets a4 
faarfiat a a gare sik wear 
ven at fab get a ame, 
Tretdfde, si ween fara at wp- 


SERS SSene fag & ATA STATIS 
Ie UM & fat HA A Uh! Va 
freer ord 9 oat dat sent al SST 
vat oT sit aa We aren cara Ft fea 
OT at Sach ferret Prargr ee Y1 Sak 
Taller Sach UAT SH Ustefetee 
SU S SA-aast Heal al Wet aA 
hl Vale Sear sel fret stk a et sat 
Sah Hal F SRSA F Vals BTS SST 
TAT TIS AT eel Wee ATT TA 
Fld S dl Adsl GHIA ete S| SAT 
fe Use ST STATIS RATS Ach ARTA 
frat aftatsrt At 13 asta feneff 
sfre yaa : 


“SY Sd @ fh BA FA AR Te] SA 
gal fe aectla HE AMT | BA SAA 
é fe Soll Ht Tad ba Hee, 3k 
Henk Aish @ fersieht Fr STANT A 


& fere cient al ust be Hea e | $A 
an 4 a ea faxiva e 1” 

fareret al aay ferenfetat ar fas 
h MT sa ae Vat samt afew fF 
feenfsiat & ura te area at faa 
BM fa aedlaas GAMA Hl St 
aX Uh at Se yerfad aadt S sik 
Sa APT SA Ua HY yerfaret Het 
Wt Sh fa é ak fa ae a Pk 
ard @| sah feru ferenfelat at oar 
wal SA AL Sala ef A sarar st 
FS HAT SMT gam few set z 
GARTH Hl Sct HU AL AH Ted SL 
CHU AT Sl UT eT oh fee aT 
FL Sl, dl Se BlavaH ahs, 
amis, 3st usta aa aa 
STAT SRT ASAT FAT SATE | 


Note: Credits for the image used in the background of the article title: Cudrefin-justice, Roland Zumbuehl, Wikimedia Commons. 
URL: https://commons.wikimedia.org/wiki/File:Cudrefin-justice.jpg. License: CC-BY-SA. 
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fers sit esftfrertor &h ata Hi feaiit-get Su ch sree oh aha ch, Si SaHl Vea H fH GAS STAT TE ANT AK 
Tal S| CHT ae & fers aa SaitraheT ch Aha At SevSt Sit MTT ar CRT Ta Hes arch eS Sahth & wT 
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at up mend & a 

Fama oftaa ea & at 
“Maat dh BT A SAG aa aed B?” 
3a Vale Hl Salas SAT SAM SAA 
vel elatl Serer & few, frac 
wate & at, WY Heo TE FT 
&, fore TAPE HH BT AeA 
SRC ERS CR ARTCCURCICIE 
Val A aan fora @, wee setaet ie 
daa arent & Freer F arfrear 
TES, HT Mees ENT fers Te 
WMATA Hl Get af stat Sa A et 
tat adiaqd geal FT sata we 
ae | cifeet gaH S alg ot wfafater 
Sa Gare HI Sth-sth Sara Aet ect 
fe Haat pea S|’ 
SEU AH A deci ofafate at a, 
art At grt At 1g TATE | AL are 
Hl UH MMT PAA es F ATO SAT 
at tara 81 each Ge at sar 
ceo & ait wom efit firs ae wee 
Seqiza asa? feb set afta 
& ary fe ae Hert att frst ar a 
Slane TESTA aA AT VATA SAT AT 


STAT S | PETAL SA AT SA VATA Sh 
RAT at Tiree feet pretest 
(AK & Heal) HT SETA ALS SATA 
Tea & fre Uh A AMT UF 
Pifara att ae LET Sra Sl HE F 
femal fh art ob arable ata SAY TOT 
wT SM ARect aes 2, clea 
TRAST & ASS Asatehl ATT A, St 
Hel Hh Hes HSM e, AS WAT HEAT 
STAT Sta Sl HY AS OAT ASAT: 
gaat ae ara fi aaa ae & fare 
At 8 fe wm ar gehts wT 
shat fea e | 


ae att sebrerenatt F fst TRE 
SreRwit ar SIH aS Fa aa 
Sl SF CSN PTT HT SAAT SARK 
SANT AT SHA Hh Hef stah ATOLL 
al ba, SAL WSdlel HU SIN SAA 
BCE SHUT oh fore fora STAT S| A 
TAMA F Stet StF Uh AAT eS 
dat sat @, ferent fererpet Steh- 
Ste GLE HET SAS Star Safe 
ae Utara feat st eb fee sereht 
feet qearasit & fercteret set sete 
CHE Set SA Ted Mt Ales wa 
AS FART, GAT RATS Fh Tae, 


aat art ste factiiet & cad 
feed & ay slat 2, Sta: Sa AST 
TH VEST Uh Ash Misha S| SA 
Gare & At He A at Aes 
aut cht Sedat Ath SA AT se 
da or Gea eat areata) SAH 
G Uae edo HT HM at cst fer 
al Gel cara wt fe fra HEAT, Bik 
Sa SBT HTH AT Set Pa RRre fee at 
Stadt HT | 

seals dat Sh SA HM HAT aT 
fart sat eet atet aiferensrret 
fae oo stat Slat 21 SeTELTT | 
faw, eax wait A area srafeat 
a AL ott atch chat Bavoit er 
Sede Mfr TAT S| SA STaHAAT 
Al Ah Seat (AS SAT “ATA? GTA 
Sed) aT Seder ar feat frat 
STAT S| Slee SA SGT TANT 
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ata-ateeeta teas caftgeft) wat 3? 

BA ATH TST Sa S few Tare Ht cite stare Vth S : Ste, ea Ak The | see fae Te aaferenigr septa Hy, feb sa it 
ACMA SAL STAT Ta Sta | | fee, SAAT a, gard Et are atte eae (ar arated) St ena (SAR araRe a StS) 
ala-sseda Gaara Tarel Al Up Uelt sacar 8 sit dat alee ele @ Se foe are Tee HoT (AMT, Tea) Sa avs BT 
Te S feb St er SE STK GAM FATA (TATA) STAC F TST Se S | Ale TET Al Art Ae S few Ua sl Sad SL, FE 
ACT Uh Cet faa es St Sata Vt Hol ch fers Satta SBS GTA SeteHet FI 


sod AMA : 


faterad frig 


sai 3s tee 


Tare Si AUT hl WENT CATA SAT? 


Wes TT CITT 
coaret at Faget aa’ 


fe : ftgelt oat Tear | St ard aise cat UH Stare wT A Ta a Cae sarc S ae ae fe, TS CLT FAVS ATER SAT 
Uh TET AST SATE S| SAAT, feneht sigeht F Vethe Hes SCT SF Uh TT CST AAT AT A STS, CS Hawt a a 
Sa afer At senha & fore zara & farrsht Gece He A aT ofa wad Z| 


88 | ws Gsz.. Sfsenafit pa ara | weak, 2017 


& few at Use St item Sere HY SST 
adi 2, fest fee oft Susp afar 
Cite Stet LEAT Stor Tea SI Ales 
By aradt saree 4 fafa =a a 
TTT Bs S TA SK Arahat HT 
STANT HL S, SAAT ITT GAH Get 
& fee Ba see S cite seat Al RTT 
FAT Slat S | SATS, Set STC St A SAT 
HO AC cites Stee few, site rat fee 
oF STF HF Ael HLS Fo A HS 
CT SAH ar wel AAT ST BASH 
SN Se Stee HAF TAT | 


Wal Was FS GAA AleT fee cs 
Al eT Te HT (Cth HE) F, AT 
STR SA ATTA Moat H he a, fepett 
Gchd Hl Cis He a, F asta BAT 
GAMA 8? HTT He fer STIS TA 
um cst feu @, A srg sa fara 
aifep Al feneit Pave ATAT AT Btrahet ae 
STAN HAT Ue - SaTELTT  ferw, et 
aha @ feb H fare vara fare 4X 500 
Age H CMY BABLITS (SHA) HK 
So PROT HT SINT HAT ATS! AL 
wart & cise fercor Ft sit aredfercr 
afte H Saat ata FAS Hy PROT 
At aste a uftatda et candi 2, frat 
aa at ssa, aifaehta seca, 
em Ft ais sife 4 seca THE 
Sl Se a Utada At cise fencer ar 
wife FT 10 — 20% TH Fae Teh | 
at $8 ote at FH ba aiafarat He fer 
cist fener feretepet Set ferere xrfeh/ 
HAART OC TS Set HS SST | A ae 
ata & fe se faga wih we cst 
al he HC ea Sl at He & fey, 
F cist Ged o& Para Teter oe Set 
ate Ft ara etal el Alera ga HehT 
al A wed Sl Sa Sahl Tea St 
ded HS alee, sae It S| SA SA 
B ett (St a HAel F500 Aa 
WK @)| Sih Tas AAA Ae 


aia @ fe ae cet aan al Up 
Gad (SUSU Fa SA citH Gad, AT L 
He) o aa SH aed aH GA FAs 
At wafer Hl oftalta at ear 21 wa 
BA cite staat ar feat ware sip oe 
fret Geha al he et & few Hed 
, a de Gad L Hl Tecan, Ward A 
al Gehd B& edt AM Fr Tae 
HM &, A Fe Fe AF FEA et Aeat 
HUA @, Ho HTgsHlaenvs oh Atax Vt | 
sot At adler var & Sa aK 
WE/STarT Felt Tact | ATATATAT 
sa Tala ar sar feet oft aha ar 
fore are Aes oe teed Alena 
Se he HL & ferw fea ST Gera | 


SF aet SeT-SteT HUT & hes UH 
ast aay @, Car aex I sa Me 
ofa Ft ae a ara 2, freer 
# fee S| ga ofeatsrt or wet z, 
SA IL STROTT SET TANT Gees, Fare 
Ft smth ata ferat 3, Gast aT 
wT -273 fest Sears at RTT 
0 feat Sa Stead FA ATTA te 
SUSI HH, SF AAMT Wt Sah Tala 
Al USdet AT | Clea SS ATTA ST 
0 dead dah A ST Sg arg A at 
Ok WOT Slt & AK BA Gaal BT 
a aa eet sett 2) fr Tait 
Al SH Sedat ard & a EaifSay H 
Ue Gaeta (sgalert) wallfsaa 
87 & @| watfeas & se Gaeta 
h Uh GUS Hl Blaqt F Ha Sah 
Tei wo F ofcafta fear sat | sta 
ot tea aadt S Sach TY see TH 
ald &, sik gatee F aed dst-S at 
Se S| ST TCATOTST Bl ETAT hee 
WT Bled AK sat sare was & few, 
Se SUS HL HI UH Xt atta @ fa 
freA aera SV, SAAT Ther apt eft ae 


feat STE | SA Hs BLT A aT aad S| 
Tec AUT @ Sth SH Ht Al fea 
Serdt fea F wep cise feet apt rarer 
HT | SF TATU TAT ASK Fl TATA 
ale tert & aha et are cara 
TATRA BHT SAT STAT HA He Set S fh 
Se GTA Bed FATA ST Gah 
SA asl HS Sa te Ta Hie Tact 
Bat a ot Ht ae & fant asta 
ated at aire at dt aor ar set 
sat wif ar efter aX ST Ua AR 
TRAY SaA ed H ha STE at SA 
Uh esha ite cise fee 
Gas rl Seda Heh Sat TPS 
al cette 400 fret fear ae eft 
al Ghd € | SF a Hl fast get e 
ST eet PUT HTS, Aan fer sets 
fee SAS TATOST BT ATTA Hy feaht 
AR HH St AAT S| FA AT SH TT ST 
SM & Ae, WATS Sal Wah TeATRTL 
(sitftesnet) Hee F corareaite at fear 
SAT @, Set SF ae it H UH VHS 
ENT Ae Ted S| Sa Theat Saas 
UT F Te Hed HA GATOS 
Al AMAT LAAT Slat Sf! saa 
FIAT Hat Ae WAM Ges S FEL 
fret ard 1 ard @ ex Ast AT 
GARISH SSM & Ae SAT ST- 
wT Gara | Sisal gare At As Aa 
aldt 8, Set TAOS oh Te aS UH 
afta ft ae sala aed S1 SaeHT 
qdera fe sa a a, daha vert 
TATA ATA TAT 100000 Stet1-SteT 
TRATES A Ae SALT SAT ahlg ASAT et 
21 a ast Up Ga Udta ata SI tat 
safe stare walle Us aS aS a 
Uh St CUM HFS BU ald Sl SR Ah 
o ant welitfsera area a OAT 
&, WU & CIM F SH GRU Sah 
afta thch FX UT STA ST SAT eI 
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ada 4 ea acl varie 4 ga 
alfier aa Al Usdiet He Te z, fh 
aa afiset ar et ster-stert oRezat 
q her sala HOT) sa a aT a 
Saad & fee Heat at fee aise 
am fairer aa 2, fre ar aes 
araad feed F ate ed 21 sah oe 
BA Usdiet td & fe sa facet aT 
TT HU Ue, Ses AST fart HLT TR, 


atte free are Het Peart A a Ie RIT 
Brat S| ATS Sat ot, erent, Tea 
FAT Sct S? AT Pe a He BN Tact B? 


OR re Fel ach Tet Vr | SAT ANT HT 
Te AL Ch Ae, SH UH SAN ANT 
wt Ud &, sit fret frat at 
fir dist at ct wend S| aaa & ary, 
Sq vari & deat after, efivefi 


sepia Shar a a A, SR ga AE 
a, aa aM At act ahaa & ae 
W San a 4 seta Hel Ft Wee aed 
@ | Fel SANT MF @, Aes FA HA 
el a gdifer sa wart I ale 
Ald €?? SAT SATA STA Tet Sle 
& - aed at ast! 


Note: Credits for the image used in the background of the article title: Laser play, Jeff Keyzer from San Francisco, CA, USA, Wikimedia Commons. 
URL: https://commons.wikimedia.org/wiki/File:Laser_play.jpg. License: CC-BY. 


anata dart ada 8 atts feafaarera F deat ae tS F| SAG aftaab.dewan@gmail.com % Gah fat ST Bara eI 
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carat on amare mora? EAGT gal BYATUT A aoartat | es ete pect wae 


3. Get was a cat fea Tah, YHA LET a ctenk Wat 
ah site anh @ SH at yotta aie afar yeti Sat | 
Sent wag aA neue § feud sad @ Hoc 
ant (hydrothermal vents) dh 44x a Bt TER F 
Tata Haar site are Se S| a wera (plankton) 

| (Bas Ht Ute He Eada BTS Ae are Slay H, HTT aR 
Saal aa Ee Ee Teshfaat & wo F, cast seqait At ade Wy, Fel TH 


De 
oh UK OH 

1. Seeht Ot aeuTaa & fe Bast F sflas At Yeotrd arg 5 ede eA RTI A TTT OTT eae aaa rae eee nea 
dia ona ad ved of eat & sfrera % 50 @ 90 where 
arr aa Sftera & St ara BT aS Shar wa Gensler 2 6. Saas ctace eaefte otal & 
ey See Roe a st at gests vot A ate Be aust qanstla - ¢ ate CAT (autotrophic) et At LAAT (chemotrophic) at fasAatst Wo GA Bld & | a Siler Tet SIN ales 
ufefteftrel a omar aftada ach flag & eet ser ech (hetro-trophic), wast ast gage at aad fact waa wed €| ae wada wr a aed & feaw yenrsr epeor ae Fase 
fase ae caerfere vera era ee S| ae Te Seq Ure @, fares Stet aoferat urdt g1 st Stet socal Hr sre sets BIT 7S si w Oocome ad @| area 4, ged oe SA are 

aS WT aT eI erfiras Scare =r SATE ATT HE 


4. wast qerstia Um sige ferfaerargeh ay | STH PS wT ©0806 ©4® santshagi a 

F Sa A staat Vie &, fod STH aeM ahhaics A (=) a! * a Oa Se 

feraroy (fare apes cit Siferd dep tet AAAS ak galore Ses / Sfargysit & ent et fra sa 

sfaa-aar oe tare Tet fear sa) sft errftret SI oS SNe = y 08) sree aeemae sh aay Ss 
aarge > aa oO) 8 2 apie area sary sik 


ae aaa ated | wees ahhatca eld A & &o® @.. aration at fate aad & fart 
it amit True aret Ben stha ett orca at 


WAT VAT HF Aersttat cht alert 8. SAS farsa STAT IS eas Tal SAT Heh | SATS So HA Se OHTA ae ate 
| 7 fae wisheanit 3 are washed & wa a wea Bi fSesit & gat ser erstis Pfr crete aT FATA 
Baste oes Besa oe. " a gee % afte ac west & we a cea afte aie wae fre arava setey am wp-alfreha Sarat sik arated 

eee HREM co, ™ geet ee | oat ait aise ore ate S| cacastict fawactet sftarey aenstiet ore 


(Prochlorococcus and Syenchococcus) BAR st aie FH oft 
(microbial loop) & AEaH G AAS H apres LHL H MSTayey AP SHT mg itera Srt Bt Savelt ara oor FATT abe | 

Fara 13 fae Copa tr & afer ae al aT 
BIH STAT He Tend S a fenett aaa femal Stent tte car SANT arr | SHA 

38 area, a8 sta geass ae ait a wee Baik we Get & fae 
Ist TA SAT NIH Teresl Sats ald Tad Z, ae arp Geresl sis 


sapere Haga Fae sre 10. wfafer aq wat 
9. afin wast qeasia ean fore ciarrs att z, fed eat Seared 
7. Tet Bag A aes Ca Genta ate @ fore sitar we & fore eel Um ere ference ft Bt TB saTeTOT se, ae He aq dh ai a ates 
& eH at sitadio At saga vet ett) gaa sort J carats —, weft set a & oat afte stare & aro ast & saa ara E gatrareat & afte aearat aera vet Slat, 


SAT STB afer Sle S| Sat ROT GS SAH SAT 
act SISSSH ACHES | HIST SSSeATSS S Gras Oa HEH SF aS silat ais pe Stare faster vateat ar Prater aed SF See GM aret Stat ee eae 
oh fA HIS HT Ald Sd S| SA THT SF Gases Stee AT & fete SIH Sl Ae | Ale a faster a ot et a ot are EHS 2) fay ea a tet fatal wt orgdtire aah & ae 
TRUSaT oh MTA SCH ch AAT Siete | ob SHIT et A STERTSTA ht chelt ST STA SHI ET Sh THT Sh SA TH arena a, au ae estat st gel Te BT a Bit gett 


TUES OM h HR HO leral SA Ha ae frat STA SAT e | ae saeht afteer & ait Seed ast sateen atop at aH | 


Sisparait St Ue Sach GT I Soil STA aT S SS GST ENTS aC Qa fSrerer oftore erres Staret VEEL (algal blooms) # Sa 21 


: ral Arter creptattarent + aPrahedl sith aad hfereihiar g wast Satara A earch Save Sra St S| MAST Safes HF shy IVT Teh Mls ces (fay WT G actiar sr Gowhat Hes Atel AAA W) Bh ale tg SF afer 
1won ey... WSUS, HTS ab Ure ferenfelat Hl Sepa CATA FIAT STATS SAT OL SATAT CAT fea He Tet S| SAA mahirazk@gmail.com W AIH (A A THA S| HATS : Sia TH 


Azim Premji 
University 


“Hil hs 4 AMA &, Hl FA THAT !? 
3a OS FI VRE He BSA A HES SH? 
He HN Hel 4 FS ATP sled Be? 
WAG Sat CIA St BTA Ta Ht SPH, AT 
wee Tel |” 

- FAS (10: 129), ef Aet Sar Te | 


Beg 2000 Sel oft dect fers 

Te F| sx fee oft, sae ST ST 

& fers aera &, at tar safer é 
wales 3 wp tet fagrsa at ofdeatra 
ad € aT ws eG amd 2 ae 
fastsat ¢ eat oenfa Al, sta4 Stra-aTeat 
At SPA hl HAA, SI Se ae alee STAT 
ae Gra at eran, fe sa Ga Fi Saha 
ome Se Sr! ary oft at warer fear 
ame ferw et? 
SATS HMA e fe aot asi Hl aly YRS 
adi @| ean ae ara ga face sik safe 
was & fer oft wet et aadt 8? aK 
Bl, at SAAT Seah Hr ATT HlF-AT AT, BIN 
fore Feat 3 sat Sethe At often Frag 


anf? sah Sera, Fe Barer ft 
@ ff San BAN gas At scaha 
&e ft ct ae femal fea SecHT StI 
aft et? 


Gama & dat aedhefa 
ah, AAR FT SAM St AG SATE. 
ae ft dist At safe & ar 
q arafaan fea @1 afeat 
aaifrat, ata sta sana aT 
S TAMS Hl TAS Ht ae ASrsT At 
21 afem, fod ate 120 are 
Wal faa 4 ae aesta fepar 2 fe, 
SA Fed esl THT H Tet STW 
aa Ha So H Fars UA & 
astath Tes Ah | 

saves AY seats sit face at 
agit Seq salvefag 
Heed @ | shat at ores 
ast &, age servefaart & 


VAM TETHY I SATS BT 
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Brel Braen + alfa TAS HI VA 
SAN ashe Hr gear fear | 


eat & re Ut aaa at sit Stee 
ad & ones A s4-ftrd etefeanrat 
& ue oft, ak ae ot deter 
At ave facet aU HT STANT 
att at afar! get degre # sa 
TF & USS FS Teh TS A, se 
se seg ay Tear STAT aT | 
aret waaitetaart feet ates Ft 
: Hee U, oh ave Frees aes a 
fera-1 : lil lin a NR uli le SANT HE A ser FT, zat 4 fae Fr. 
arate th Aah (srTstha) Ha ateahtat sat Read telea var | set aI 

ant a0.eere a seanvaPeata % Ga Honda afar da rleialille is ac calcd 


@ eam fear at erm a | tar gafere fepa | 


Sl alsa ald slic aires ; autem a aA arate afte wet 

a SF ga oat # Be wa ware eet Boe a ean ae 8, dt-ae at aac ase 
Gert (et & aa) At ft-At Soleil & anges as frei ii # de 
aia 8) Gritafart dit & ga gauge & oe aA are vara at ae 
ATT, SE SCRIST aT SES aA aTeht ag aise aI TA aa EI 

feeeft sacar seq ar aoiseH SteHfcat At KaUt Gas Sra S| Sara a ferT, 
feet an, steerer at fretitat (nebula) st aisha Sa ATIAM, Tara 
SICA, STS SL GACT HT TAT CHT A Hes LAT S| SA SRT SA FET BH AT HT 
oft TTT ST AeA, SAT TS TET SAT ATMA TA He TET ST | SAAT, STAT TAIT 
seutsia Htdt Sy Hy TET SAT XC GT Tt @, dl Sah aiseH Sr saret crstt 
aireeat atk fs aaitait Ft ik aeera fears om, sa et Lefsree Her Sat 
Sl Sahl TS, Ale seq sracht sile str Te St, ct Sees aviss ar sTaMHA 
Ba Teal sk akties Salant ht sik sacra fears om, Sra serytee Hed 
S| SA Ga SA Teg eT aT fray Salers SPT, SAA Gort F Sear Vt safes 
acta ST | 


uformacaey, wicta aeqait & 
aise al at aa, wicfan 
al wa Pata feet at FHT 1 Fe 
Sac Ah SraOT ant fear 
STAT S| SA FS STAHL &H YT AST 
foSA AT SAT AR WAIST St HIST, 
at fats Saat F aie ea & ste aw 


faa-2 : eve faeat aaen FTE 
SAN Tavis HT VA 100 FFF a 
aret ator are Tet ae eeeiH AT ART Fag 5 wee fits @ Stee aaa gor Aiset fies At sere Hfer arm TH 
SAT SLT CATT STRTUS 3 SATE EYSNS ate wamrer dit aor ger ase Aer ae) Werf aia (siiftener fearga) aT 
a fee freer) 3 TANT KA | 


Source: Ken Spencer, Wikimedia Commons. Source: Vilisvir, Wikimedia Commons. 


URL: https://commons.wikimedia.org/wiki/ 
File:Optical-dispersion.png. License: CC-BY-SA. 


URL: https://commons.wikimedia.org/wiki/File:100_ 
inch_Hooker_Telescope_900_px.jpg. 
License: CC-BY-SA. 
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eae SK MAE FT vet FS Fed 
dea dewit mea a qed a 
wR UF arrererin at att ft OFT 
at oft of) ara Set eal S aH 
STHISPET 3 ATsHHT (CAT) THY st 
eT BS frat (Atea-1 se) | 
DAO HT TSA A A SLATS HU ST 
Bae A at sss vafrat seh 
HO ATA Hl GSA, SA SMT elt 
TTS CURTT SX STITT + STFS HT 
sexta ferent, at ae SHA eX ST Tet 
oft | gant stot ae oT few werTTS fearx 
vet 2 | ate ae fer Star, at ar a AS 
ft srenrerim eat atat als aft 
el feared, at sadt ef streprerie 
Sank ale a tet att) ae Terr fee 
STAT At aT TeeAT SAT 
SAT tet  fech fret faeae axe 
wavs & fer et wel St Ga 21 Fe 
Teal welslet sea ogeda 
Ufet Set BA sh che MT Saf tcat AT 
ROT & ferret feral aT (ATERA-2 
aa), fer wares fea OT, FT aT et TET 


3x10) 


2x10 | 


Utes sed ar aT (feneta) 


10 


0 | 
0 100 200 300 


sere et (CTE) 


Ferat-4 : atreprercirrant ob fore aar-akt aot ara FATA, TACT GH DHT ENT TAT 
TT ATCT A PT AT-ACTAT, Ue ATA | TAT Brat feaeitetiex ofa Hews Al geHTgAT 
Fat eMart Tar S| fers rer a Area arent ae arrmrerisit At a fer 
UR (1 UAH 3.26 WHIT ATT aera Sra 2) F cts S| arrat fare ge aa Ft enfiret 
RU AHA T Al fea Te S | aT fee BA Sea eH z, 3 orerrerind St eae are HE, 
wan aad F Sra aT oft serra sift S| a sree F hel Blas aa ST sit att 


400 $00 


OT AK at Mt Seaphad Vt TST AT | after wee Utaae erraieer Ah afte Serer aaa E | ae Ura rarer wat we eT ae relia eee 
TAT S| SAN ga Lar Ft Stet Baer ahr Praag Z| 
atera-2 : Ae tat cht ara St eA! aeat yaft We eae 
1916 H, sacl Sik ee & ver-vaxies Tari a oT UH ars Tee, Tees A He afreta 3 aa the far sr 
after Facer OST Uae aw ASRS & Tecaretr At area aa Oh) TAT arena & Set ATH 
aoftareoit ser oe artim feared on oe ter sears Sh ore a Picea AAT TeeT | SRR ere a, & Ue et & aT 
rentals ws after wes ar ear fer om ae ae ea ea a enficar eas || aL, eH set al 
Se TE Tel Sr ter oT fH a se fers TeER Bas | sa aaa At wafer ao ae ait fe was «= HOUTA, ater a 
Peak OT, AR UAT ahlg TAT Fists eT om fas gee faa aly sd AT SE | TSEC AAS AAT wea (fera-4 BA) | SA 
fer Saar Fe TST Tera AT! Sa HITS & fer, Ak eter Hi shes eel USA SH agi y ae fear 
Ue Pracicn sits fear | We ware eet ats ata GS ore eet ahah ge Pera a fe at arent 
Pa DSRS afte area arena a aa atte i ge Sct Sea at aT ame frat = af 
sfast Fl aaa set red? ar fear | 
sae vis eed Ar ah 
ast At aid ae @ fer, seeds ho aHchIcts aah, Se fateras fe feex, Uctastex lS satt & ast atl a 
an sist Has At ssc & GAT GT & SHR GAT SEAT heh Tord wa a set a ubret & ta a 
Preah ok age 2 fee saree er fereae BT ter S| eTeTtiss Sete ors Preaat ser fers ea ee 
Ufrerstt F vepreRret fener aT, Ss AaIftes AHSTS AF Tel Stent TEsIcaT F ferar Sat fos Serer SIR 2 cians 2 


CHE ch VAT ST ATI WT A STRAT Sa TATHOT aA FEAT TAT SIT | 
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atea-3 : Uae Ararat 


STURT & Stet oer Arse, I Saret ST-aet Larhas & Ser fea @, sa tas 
BEIT HET AAT S| TIT UH UT AI A HT SHAT Vt TT @, ct Geet TT att 
anptt at srt 31 sat TeHTR, sa wa aft AY aren Beat ara 2, at gett aft sft 
areft at ret 81 stat oft at bra & ara Ret vahe Set art B at Senhaes va 
um Stell ar Al dae 8 Sfeatag Het At Alar ed SI 


§ ' 


> =x 
] y 


tc) 


faa-5 : (Rac orace Al Usa HAT! (3) AS Ses Aeaad BK Afest seit 
WC Ufa & sta Uh aaTcHeh tach Gaara feared 21 (A) Fe Aleka cesta sit 
After sail x Ua & shea Usp Roh tach Ge-aeareey fara 21 (A) Fe Sieh 
wa othan araey fear ¢ wet aeaad Sat are af, Afast set areft afer Ft 
Ger F Sarat ash Teeth S| () Tacs Ras MEAT oh AL SATS, SHAT: 


5,2, 1 HR 0.5% Aaa | 


eae SN CAE + ge tah aeaey 
Al Um fora Sash & wT F ferae 
arrarttes wa fear : 


v= Hxd 


wel, v Ba araer feret oft StreHTAE ATT 
al aT @, AR d 3a Arar a 
at 31 a ct afar, wE Raate gr 
Whaat & Sect F1 ga Pacis HT 
H & fae are frefte fear set 21 
wemetfaanhat + gat Frere sal Sater 
Prades cheat Spe ae fea | Sach ATA 


SH, SAT H STRAT HK AT BH att 
ara tan arta bt Stet Fl TOT 
atch etfeter fea ST Beha = | 


ser fe St vat aeta @, Ba FT 
Frac alg aractt teat Tet S190 
SR ECC CR COR ECU IGIC RIC II 
soem clad AM Ae Ht rset A 
CHT SUS Falls SAG SH TAIVS H AML 
F ged Heal arene fet wed 
S| Sa RSH, Havs Al Sy aH 
aus FATS STU | 
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fas-6 : orarfeer ant reat Brat Rreare 


wavs & Firat at we faean at 
GWAstat 


Sat & Ga_-gexlH Yaron, sa fead s 
ate da at ara fore STE at SAN SATS 
HAN A cage ured het Gard 21 
STH  auissH ae feard & 
fer Saath SHS ST TAT S| AT SAAT 
Ades Fe Sa fer SA SA MAR Act 
Te faa & Hz FS? Gest THE 4, 
BA “ST” He Ged @, Cfers Vat aT 
Fa St Uh Ot Tet At are feet 
edt S| 


sfaera 4 tal Ww ae OM, wa 
Gaiteen Me APT AE Arc & fen yeatt 
FAVS HI HH S| Be TS TSA 
we wm aegeht areon wt et wet 
21 WC SS Td HI USES HET, fe ae 
Um sql aro ot, Sa Tet TET 
@, Fates Goat eet feo vette ete 2, 
sates Car era & fer a, THAT SK 
av ait qect ant at aH ee Ei 
aut a dar aie aga & ta-Rrar 
ane BH ga aor TES fe eT Hel 
& arr sorret yest ae ar ae 
CHM Tt TAK Fe Wea a Ted Te 
Hater tar fe eet oft Ror et 21 aS 
Sat AHP & Us HM FS, SIN 
AS AT at H SA SATHIPMT 
OS Hl AEH AAT 2 | 

Sfrera Va Sere F wT UST STs 
fags 3 ed Usare arr 2 fe weS 
APART ASA ST eae, MAT SAAT 


ao S| ferent, afsenit aires - 


Saat & oforat At caren ae 4 
Paral St Gale Te | Ae FHS Peper 
fe fachi-d arent, sae & 
reat at te fea aT hese, TOT 


Teadt HY SecA SPT sal TT, 


Teast FU Fat Site at fers 
fran oat val fe eh wavs FT 
ae fia arent a ea, at 
areal | at sae feet Sta STEHT 
& feet sect emefaat at ae 
TANT FAT STAT SH SateT SAK A A 
frat a, dtae Ht get acist oe Tera 
AT fer HAUS hr FeTEA SINT S| TAX 
Weal H, HANS H chile acai Ue La 
aét 21 save, fase wtf tart 
UR Usa et fears om, vet dt ea 
a et S oft Sa) Ta a Fe ATM, 
fae sales Ft AAT HET Sa z, 
Sas lass Hl UH Hest fan a4 


TAT eI 


ey fat ae fied fara & 
wavs Al GST Hl GAS BA & 
fe ge seaiter ar et faean et ter 
al ae St ae feat ot afaaetia 
ww, Unctaart Tas & TAR 
del te faa ar set ate AAS FI 
Aeaceat aT ATR St Tet AKA AT aT 
Ue tal aaadhast fran 2 sit sa ae 
GA H Tet @, Gert Va aet A 


area-4: famam 
SHAM HS SAT SRT TST TWAT AT | 
Se Fe frat Fed et MAH AAT AM, 
fee Ur wavs ws afaaen fag 4 
SUT WS SHAT AT Settles SAT AIT 
ofa & att cer fort si feared & HS 
AAT WS, WTA Sel Sat IT 
al feat AT Fe SoA STeaET OT fen et 
FAA HH HT At Gare St Tet aT! 


40 km / br 


a- 
Aa) 
80 km / br 


8 ens . 
faa-7: chant & sta at dts ha Ie ee ? 


UT Tet STAT H ERI $a STANT 
eq a aaa ard 21 fee fear 
was A ea ted & a fear 
aie Ht paca ent Praftd feaw aT 
Al ACHAT he (PAA-6 FG) | BRITA 
i, set Gat aremrerie wa-aet 
asd tefl (faa-6 at Sa), He 
Ua ae, SAN HIM Has 
sem fears or (faa-6 & Sa) | 
Uh STMT F SGA Wt, Vat PT 
21 Tavs or fact St Tat Ss] IK 
feex oft, St Ba ae SAT are fem sat 
fae ot hes H-aT 2, a aa fret 
aft cara fasts ft ae samt set at 
OTE | ATRTRPTTISAY HT UH-TEK A 
SMT sah Sta At sore & faeae eh 


g 


(1921-2007) 


(1904-1968) 

faa-8 : Sint Tat ak Tew Area, 
Bret tae eta & arer fireraz fert 
att fergreat cnt fern fete fener ort Ta er 
SH Gilead GIF SH AT | ITH HS AAT 
faa & ae a 1930 & aah Sater at 
Tm 19 ae F aaa & set ais 
faafererca Ft aed & geet et ae | 
at frarelff teh STH AK Gea, tat 
wea & are Tay 4 feet sh fara He Fea 
any fera, Sk Ser arch ares Geet 
fate aftaca Ft afeerartt oft Ft eff | 


ar foe @, 4 fer Ge srereristt 
oh AeA FAR HT RT| 


ScUra & WAT & BaF ae facar 


wavs BI Wa eat fan, 
TAS Al Ua Ute GIT 
oft alten ae ser fear F sere Het S 
fe BAX Tas st aaeft scafe sft es 
oft | Sak Meron eet send @, fea ada 
F STH Uh-eaX A SST Tet 
€| da FT SMM Bee Baa Fl Serer 
BT ¢? Stet &, CH Saher fens 
EST FAT, ATRIA WaH-SAL 
ure aitdt ee feare aft, st sted F 
St dis, Saat aaa aret ferdt wa 
ferg 4 fre arett ak ga gas 
At SOA Sastt TAPS Vt STAT | 
ae orem fer siferent srftarca, ferret 
Gard, Sal, SHR SK Heal SF FAT 
TT FAS SAT, Baa Tet ses 
> ame aafeaaaet sist cat A 
ufaafea Ar eft) se safe stacar 
save ferdi-a-eet aro & erat 
YS Sa ST! Gtclagt sevs 
& thers Ht Sa Besta cl “fey sy” 
wed @ at ae fear @ fe bert Ft 
yeaa fret facie F ee et werd 
al 


ae gas At sah & at F aa 
at oh fer fert st eee HT STANT 
wT aaa wT SG Slat 21 Aha 
Teal dt Feat @, fee fer wt ael-aest 
wel area fer wes aT Herat fea 
Feat F WS SH, A AM AS aay 
fret ferent] 8 et MS BST AT | TAT 
Ut Gey SA Ua Sretsy Z, ik 
alfacht & Fast Ft att ead aaa 2@ 
Sah BMT Tavs Ht Seaka & Hlta 
HIATAVST AL ISAT HUT A TST Vt 
afer 21 cf, at ara ffs 2 ae 
ae, fe ada 4 al HaIVS BHR F 
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FS TE @, AR gate Plea Mt sida 
Fe SAG Bet at ST | 
aenve ht a 

STR FaES At Scat ee aft, at fax 
wel Gare Soa @ fee wavs Al SA 
featt @1 Ue aR fet was F 
AMA Get te aKa FH Vai & et 
Sek fret sat 21 fee Re, a GAS 
& fere trea Fs SoAT ae rae aH 


TCUAT che fe ATT Uh HILL (StS) HT 
aad & few feat caantes Fi SIR ATT 
T @| Sed fer & SK AN tha F 
a frat ace Freactrert 2trg saiflaten 
aes Teac S, Sik Gat Acta @ fee 
Ya Ue et at Se a at a oT 
ame sit sig aztedtal H argar 
TA TET HE Het S| ATT Seat S fH 
Uh SK Wed HU At Lar (kere 
ast) & 80 feetier art fact 
40 ferctatet ox 21 GaRls UE (feecet 
aS) Sat HRT At areit HT SHAT: 80 
fecititevaver ait 40 feeinfter 
Boer fearat @ (Fera-7 Sea) | STAT 
Fe GH H aed St val MT fe ae 
Ve alla Uh Her Teel TS BE Vr 
ciel, Sa feat at ada & fer, 
are Us Weel ARTA AT 
gent fe at art Rex are S aera 
&, feet oft Gt ca aT Sta-caTT 
feu a | 

SEU St SAT AT Srepreriait 
W APL Ft Baer A Ua fee Uh 
sarin fret aat FT 1400 
factievaars a, ae saa 60 
ae eT at at att ux eff, safes 
Uh SRT STITT fSaeaT ATT SAT 
sae AAT aT, Fe ae ore att St 
ara a 8 oft) safe, ea TOT a 
aaa é fm fae aaa ger aT 


Sea FS Td LUE St adi & fH eat 


(1935 - 2002 


(1916 - 1997) 


(b. 1935) 


faa-9 : fraea fanfearera & trad fea, fae facies sik fra daca 
TaMerat 4, Sis Tar AN Sra BAS SRT Yatsura artes ors Geet fetter sar TAT 


eT & fer wep ore tee SAR TET Bre feraT | 


HAS Ht A = 
fereft of streprerin ht eae at, 
SAN ada 3a arene ara 


& fatatee As AL OMT LAT SCAT 
sed Rit F| saa SF gas Ft SA 
Sl Ale BA HI UH Feay frat 
are @| ffsra et, Cer ath ST ae 
FST AIM aed S fe SAM S St 
sot at & was or faEae Sle TET 
oo Sl Sa AST A Ve ada A 
ATHPPTSA sh Th AAAS SHA 
we amid & fe saes Al Sa TTT 
1400 wats Oret B | art feet ht sat 
Teel SST ST | 


seat By at Fat 


diedt adt & yea aa, Has 
an H at wfcere fara 1 Getter 


STAT BK Het F TAVS SAT FI 
we ad & ATER, TEAS SAM F 
a on, atk safe, fret seafa At are 
aT cat aT) se feared or fener 
om fart sit fergiat ait Sitst TAY, Te 
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ISR Bi tae eas art fafa 
frat rat at (feara-8 ea), AK TT 
save At seats Ar acon ar aah 
ata UT | 


sa Gist + fh sas Fen het Ter 
@, tare stare fergrat UA TE 
ote Oar At | See sees HT fara 
StS S, I SH UAT FST At HTT 
O Sl Lat &, a SHIP TSA HT UH- 
SEX S SAAT SC Set SAT Thee aT fee 
SHG He ot oa & ara F et 
fearg vet eft arfer oft eifenst sed 


aat wafrarea ait trac 
faces) a att se 20 tle aes, dit & 
Se & Udiat sik fear da H SPT ase 
ford areaa & Ser Griieta ord Garay 
fafeneor (eteaststre) Ar GIST aT | 


faa-10 : 


CTE @, feb Cat at el SST S| BA TT 
axaxtent ar He feral ft fear A we eH 
we SI Sree fears & et set 
él 

sq ant 4, frees eae sacar 
feared ar Gat fear aT, Fe Heat 
3o ASIN fates Fl Get HA 
aft anlfsrar A, fer sees & herd SA 
& ary-a-ary vert ft gest ale 
a wielt oe & aa wet aT ae aS 
area fran ret S| Sarewt 
fea, sat Gareth dremt & faq ar 
See feat AT, ST Ae Heat e fee Tat 
oft carel fet wat aa S Gest STS 
fafa eter @, at set arat F ofe_-aereh 
(WA-Aex) off Der Slat V1 echiea 4, 
Ba ee TAS F Tere Al Tera A eT 
ay ofa-veret tad 1 sah STAT, 
Has H hes S Year SA are SECT 
al RT eT fre fare ax OK erat 
Ol US SAT TSM, TS a SAA HA S 
(Uh AS AUS ell F UH Bsa 
Tear) fer ga Feat sl Me ett ST 
SST Tt Tet Hist SAT | 


faa 4, at oro satire ar 
Wace we HF fers Tet At st are, 
stat Slat sgt Bret at f1 Vet 
ROT at aay fest set Het 
Sl Gera | SA AST Se URS 
HEI Ba e, Bi SR Stet ast H Her 
are at faifera stearst etdt ¢1 dare 
At caret & Gest Frater ht aftanccar 
al ed Sahin Has A sec ATH 
SILHA S Fra TIT] SC HK St 
TS Va & AeA a sales H he 
oh Tea Sh GSAT WTF Lala Vt SI 
a tag Bae frat Ht afasa Fr 
Peaat PRIS OM | 

frat oft darften ofeeed AT arena Car 
Taian et Fe fae Seer BT 


G Sral-aeal Sk Beate fear st 
aa | faa & srafte sirera Ft 
wae arate Herat FS up Fy, 
fart st frgiea Sart arent set fea, 
SN ET aK Bag HAC FST HK 
fase ert Ft ae Galqar 1948 
H, sist Tat stk sah Geathrat 3 err 
at fagied WR WeTSTa Ue Age UA 
Hf frat ar | sth ae ferarat eATATT 20 
Get Te, WAIT BT S Get Ufert 
Bat, sit fecraes ara ae 2 fe tar 
CATT ST | 


TANS BH ATT TTT WHT Ar 
at 


fert sit fgied oh STAN, SI TI 
H HS Teil ae At fears 4, sas 
HAT GAA Beal sik Aeyt 
FU HT Uh Fee AH AAS SAT UT | 
SF THE H Be, St Hela S BIST 
TAT saat Sota J fares sae sits 
vert & eq yt tadt €1 ontra 
wes ft het ter or) sitfeeht ett 
aardt & fee fea SAT Us Va FT 
are @| als oft atfaem da ST aTeht Be 
dist & gem St, alt art He Tena 
@ We de sat Sal, fad arate 
Sait Hel MA @, Hl a HH > few 
aaK St Fe aes, ater Ft at usp 
MING, SAMTAAT (MASSA aA) HT 
aiaret frgrt @| SANT sarvs wt 
um facia da (aigaicies face) 
@| facaT GH SI &, HAUS FH TTL 
ter He vt aét @ fra are ae 
Geen frat at Uh, A Saas Sal 
Gh | ae se AS HM HET el, FS 
OMT GA AK IST Sal SMT, aT sa 
aati sicdite sat ar sedate 
HAT ISM | SAH Ades Fe ST fe 
wel Al - SAG HMVS BTA BH 
USA Ts WT SST AT - HIT str 


Tara Fett | 


ferare St SA BACT ST ATA Ket 
Se Vist THT sik Sah Bealhray 4 
we Tala errrar fee sare feet eit 
Uh Teale Sa sah altacs F 
facteret wefera art & fafa 
(art wet) at are ft vat cera 
ST Sepa fea) cAfena, fect ht 
ATE 1400 FAS Aleit TH HAS I 
SH faeae S31, SA SRM sa fafener 
Hl Sst HAT Ss Th HAS FS 7S 
ari) Tat sik sre aaS aT ferme 
on feb ae fatereor Gerace Ga 
(Aigamlat) IST eh WT A TET SET, 
ST Se THT S SSK TAT HH Sstla 
ted & fared Sant aig ce ore S| ate 
ae fafene a dt ae We sees Ft er 
TSM, ST Safety srvenrET at fepett off 
fear & Sae Ta ATA ST AeATT | 
THT ik sre BAS 4 gd Ttettt 
urd wena ferro, ar dat A 
AeA SAT eT | 


eeashtare Sr Fea eT Al GEMTSAT 
a seared dat fiaert faafeearca 
Meat & UH BAS - free 
Adea tae fem He SF - FT UH Vet 
‘tfsar Udit fedtax (Soret) dat SATAT 
US fear st aed Het Sattsil aret 
wre al vt cast & feu vale 
Gaara at) ae UAT wp ated 
Al RS aE HAT BK sat fara aft 
fea a ate fear siren, ae sa fee 
amt aret feret sft fafercor caret) 
al Gye at cal sik fedtaz, fee 
aaa ak w fate waist & 
SAFHeA FSA ST AeA z, VET ERT 
Gated Ghat Ht ast Axa V1 sat 
faafres ak fae trace (faa-9 
aa) + fattest Sater oe divas 
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G seafsra disat ch Gat ST ATER 
ae & far sragah aeat sit HSK 
TONE HT BTS AL AT | STs FSH SA 
SAT AHS TAT STAT eer AAT 
aid Ht darftat ax te BY, aot aed 
oh UTE & St Usk Ca & Mt Gat tsar 
soitFrant 4 dusts at sepeara a 
atst feat | 


1960 & axe H, sclagitae Sea 
AR sere fama Fr aradteht eae, 
ae cea 4 Uh 20 He ar teat tear 
aat fear at faraet art ot tfeat 
Uchal Hl GHfed HET SIN ASHI, Bik 
fax Se cat eftat aa Ast SAT | I 
HS Ae H, AL Set aT 
are tfeat tar sored srrafera et 
Ts Sik Sa Ma Hh few ¢ fear 7a 
a tisat Gata, Sat dafsraret 37k 
trad faces 3 tfsar Ge Salsit 1 
fiefl-d sreererit sik seach oe 
Al as ST avrearromat Al aaa 
al Aad & fae det coe & UAT aT 
TENT AT Be ae feat (Ferar-10 se) | 
dafrare sik faces, aieasitse 
ON A THT Ya &, site teen At 
vara # aieassne Hl TaaSt 
fa at @ vara & ssi | 


wa daar an fae 7 aa 
Vat cl ast HAT BPS feat, ct SA 
AAS Uh GAR GST Ss | SAcHT UAT 
Arsslaad let & wo A um fear, a 
Beh UK H Gla Hl AR-AK WHS TEI 
on, fared sacht are ferrs wet off | te 
MI CHITA Sl TET AT, BT at feast 
S strat Gelte Vt Tet at | sake SF UAT 
al ore fare fear als Ct Fe IRA 
Sl ATH St Ml ct LST AT| AS AM ST 
fe Fe MR Sah STH & seta 
HATS F BY HS SHCA H HT St 
Tel erm, Gafsrara sit faeces 3 aay 
Ud da Hl TIN Hh RX AEE ATT 


Feou| Se Ted Gia sik saree +t 
a ott sais sat aaa Ala 
are oft ae “Se? SI Ter | ETAT Up 
Gre fenet TaT Sik Se FA MN FH 
FAM UF HL, aT SH EX HU HT HIE 
Sart Tet Fret ara | 


fet us fen, stat dafsrare YT a4 
fered areft a at & ara & a A oe 
Ae | SA MS GA Te St, BAHT BIN 
faves aT fiaes 4 tad fen & aye 
@ ara Sa | feah SIN Sach UTA 
wl Fe Wed F vara at set oft 
fe Vafsrare sik faces + Serer 
a fet st sited ant yalqaritd 
emetia ord gerdett ferfescor sar 
are ferat at | g4 fafencort & Stem ae 
ToT Step Tatas Fert sit fT 
F PIT TAT OT, SI Sa RS AS GT 
fort st fearra Fi frottage fast ar 
FR tl) At Ware sik tae 
facer 4 diuasian Ft ats & few 
atfereht sar atetet acer AT SAAT 


aires, ses oh wa TH 
wer - feet at & sflargy stagry - a 
odie €| sahara oa Ser F 
ta Gast Sle S, SR SAAS RU 
we MMT 1300 HS Ae WAT 
@| Slee SA HK Tan Siwasisin 
At AY? Tet Tat @, ex oft, Sat 
stead Fret Salat & HRT et SaaAt 
safterta ar Usara vet stat (fare ate 
SA an Gert & eet areft Soar 
al HEME td S) | cfc fae aft fer7 
chr abt St “petpereel” H wees 
mae At sea WRIA wae 
fifed edt “fe 3 oad ano a 
fart SA STHTPTTSAT, STATA 
Gat, sit get ate Ft at at 
Greist & Patt & cts ate fare 
St am h gas F tad S1 aA 
Fed PROT, a sift sft aieasisiz 


98 | ws as. Afsenahn apa aga | weak, 2017 


Al Gat Va HU VT Sz SHA a 
ff Sik Sarg We SSd TSA FH TaPTT 
a off AR sage Sf 

wert att wt wat es B 
was Hl Scart Se aft, SAH ae A 
Aas SUPRA TA UH Gal TT 
& 2l sas H ca A WS fae 
Fara cent anette ws qe 
fafa At ats aa, fort sit feratat 
ae Tat a we sau M1 fee of, 
fan saes Ht eat ane AF as 
at Qk S| SA ats F Aet Sad =e 
fe fort sit fora asta & afeat SST 
lt oT feos Wenay Ysa H TaTTS Ft 
alfeee staan ar eft | fart cht afer 
hl Uh GEL shed & fe UH Achvs 
H FSI GEA BM A FATS HI TSI 
ost Fereae Sat, Fare Sa (TET 
a Hela) Het AAT Sl AMAT + 
weet or aenaatt fate srt 
St Ft aM ae Ge TAA st 
aaa & fer chit aret sa ofaer 
HT ASNT FTA | OL AT Sot ist TRS 
al a arehy Aled SAT AT, SH STK 
Eat AT dl fee ase G SH AM, Fe 
TTS Tet S| 

Sab Hela HS BN Fs Tater wf 
3) fea div eat & senshi 
+ Geel Sad WS ST TeH Al TA 
GAA TST S - CATS TaTeh (STH Hed) BIN 
eae Hat (Sth Cash) | I at Pare 
faa AGHA HAMS Hh Holt TAca 
FT TTT 96% feea sare f | sat 
Gert H, areareoy Gavel, ferret SAT, 
a sank are-ore Ft att ist - Te, 
Sat STH & stat aN, SAN 
sas Ft acalaral SHIP PT, 
emteta wad qanacht wer - a4 z, 
Wed sas chr feth 4% feeat sara 
@| fase Al $a Sd Al Hs STAT 


al 2 fe a Bre Verest SK Ble Sait 
a @, St 4 sa ad HT aT 2 
fee gach Seah exact Be ha oft 
hl GS H AT TaUS H TF 
eat anon ga et & sacit & fara 
ant A geet ara oft aet ST Gene AT 


BAe SH AS USAT SAT S fe Sas TT 
Gea saws ft St Gece FA EF, 
Say BA AT ga Sahl ade ar at 
airs w Y| fara et fears ear 2, 
Fas F Sas Va & few 
aed stir 81 Sates Stet Hed S 


fe 21dt adt ar erica $4 ae 
SAMA TA HL GleHT Bik spat 
Gale & Aaa VeTA HAT | cAfews SF 
wara, fart st firgrd & few ae- 
at ag sathcat UST He, Fs SAT STAT 
areft TAT | 


Note: Credits for the image used in the background of the article title: Big Bang. Geralt, Pixabay. URL: https://pixabay.com/en/big-bang-explosion-pop- 


fireball-422305/. License: Public Domain. 


Aare ANTM, aNd se seater fas Ua whenhrcht Gears F atresia gerd S| Saar aiter gat farsa ace fp 
STRIP & aver, feare tars ay, thats veel ar frac fre axe Stat 21 3 afta wa Se aera a 


= Fet erftrn she arestitee veer cht cereal F ararst sped S| Ses MAT OL STAT SAR afar Tea ch Atespete 


Scere At TSA HAT STH ATA @ | ATATS = Het Hearst 
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ae oer ant & tag ated 
Blt atett wishar & Ba 
Tarte acat At Seat 
cht aa eT & fau sath 
al AAA &, Sa ala At, 
tates eat FI 


B Um sitet ae 2, fe fra 

ghar al et Ud & ae 

fait carat & feat at 
Bl a Sa sat eH att steal 
area & aad € aut aT varat Ft 
GST HF, SA Bet Gara Hr FA 
qe saath Rat a atin He & few 
font (fSsagM) Sk SAM CHT 
(Tt Herat: ada stethret aear 
age acaaat at stat ae FAT 
aad &) ft sat aaaratt ar art 
aid 81 Fae asiitrater &t srt 
asset amarsit ar fret Re Wels 
ald , SF Rad Sl SAN We sre 
a ff ae cay et sar e fee eH ada 
caret && sore foro aie srr gre 
aU yar areh ft sar aaa 2 | Se 
STE &, AS SS FAMT, casa 
AR 4 erat & fer sara, SARA 
SR sre ar Fatt geate | FAK, 
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aad ST AL stat atarax Pifsra St 
FS TAT FAT A GT SAAT TET VOT, “ST 
afar vant ata a fara ot ait 
gard aa oa 


fat aeraratl 4 a Gare FT aT 
at Al HITT ATS, BIR ae era e fh 
sr atts ‘acar & aifeaca ant eter 
fear at | deal & AN A Ae AMT RT 
fee aa waUS Al TAT Bs, at acat 
Ht Hh Coat Sel cat Hl US srike 
SN Baral AAT BUS AAT SAAT TET 
2 fare oT UK eta Gad SI Maa 
Sik Bart alt ae AM & fer Ga 
ara acat feat sar & STAT, 
aM, Set, aft site get | AT cht 
Md & fer rast, Ae, Wea, Tet BH 
afta fietat Sa & A Tere a 
ward & sie-srfe | 

Set aH, WHS Bt deat aT 
ASASA HIT AAT STAT AT | SaTELOT 
& feu, wat wat gar ya F agifter 


aalt ch Sadch, Hoe +t ATAT fer GAT 
TMS F Tat ez, AN gh UK 
ararat Te FST aK acat - Tea, 
Sel, APA SH ay - & BEM 1 
fattest wept & aeaTusit FS yeaa 
& area TT ft Preartice feoe are a, SH 
FF Ald HAS Sec Pay & fer yet 
UR feat atet CAH Farell cht TATA 
fa ga aeATesit at fers ae SIT 
A frerar se) get war, ate, SH, 
see st gat ferarcenesit 
F off aarp Al staereort aca ch 
state, st qaed datel ch Wet 
BT A Tg Mg, ced Sah TVAT SIX 
FATE TE TUT H tosh AT (AA SANSA 
fae als YH Al “e UeH 
& feed site aa aie’ Fa) | Sif 
aft fara a STA We 

: at wend off fe WATT 
Wad, saa sik 

2 aifasisa | sah 


1 
ial 
PR 
11 12 


EPFEEE 
23 24 
Ea a al 
5 |37 38 39 40 41 
ee] Ee 
6 |55 56 72 73 | 
ee Bees 


++ UaeMIgS 
fea-1 : asft ara acat At stra arf | 


aaa 
57 $8 59 60 


FATA UH A FEI at SAAT 
ane 4 aig oft fee fret ot ue eae 
oF aft GRATE Wap Se Slt | 


gaa ae ard fre et arch & fe dca 
A TAT ore eflar F UH-ge 
a aga vise dn Gwe eu a - ai 
areata dard ai teres | a, BH 
career ea & oe a ara 92 ae 
& AH cl ad et S, Sah Aa 
PT STO ay AN Acs TAT THT S 
forth WATT] seach 92 S safer SIT | 
tar seitfere aera @ either ATES 
AN aca ch Aha HT AES SAAT ASA 
@ fem Cet coat set ar ter faerar 
Sl a, sata dain afgna & 
STE CAM fee BT STE ST Tet 
SF deat ar PAT ha Ss? TAVIS 
Al Seah BHT Parkers Step Peat 
it fi wrtia efter a ofemnfea fare 
me ee frei a sitet rea yer 


oy 
(Fe 
Pe 


11 
oa 
29 
ot 
Au 
79 


10 
Ni 
28 

| 
46 
Pt 
78 


ae 
64 


wn 


9 
Co 
27 
Ir 
77 


@, 3a fart at (aer faente) fart 
He AAT S| VAT AT Sra e fe, FA 
Wea a, ST fee ATTT 1400 wets Tet 
ect aed oe oft, ante aca sesh 
Ent sae @) Ht fag Ara aT, se 
atferag At sect AS AAT SAT, TAT 
a Teal aT AAEM (sTgarera) 
ol Ashita ATAT BT ASA Fea AT | AS 
apreht Wah At S, SA Ae Hl CaF 
vad eu fe fer int feared eoTT ae 
We F TANS H Vet SA VAP TATA 
feu re yarn & fener a | 


afer acat sik eATUSHT a aha 
aril & at i a Ge ert 
aren rare oft aeatear aft rasta 
Ft aca # sat @ F, salae SA 
i 


14 15 16 7 


‘EREE 
10 

a ROE TE Jee Ie | 

13 17 18 
Pie Ei 
30 31 
Fd 
48 52 54 
ro] | 


PPE EEE 
65 66 67 68 69 70 71 


Credits: Incnis Mrsi, Wikimedia Commons. URL: https://commons.wikimedia.org/wiki/File:Periodic_table,_good_SVG.svg. License: CC-BY-SA. 
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fera-2: sachar (ard SIgsisrt) THT 
Credits: ZYjacklin, Wikimedia Commons. URL: 
https://en.wikipedia.org/wiki/File:H-2_atom.png. 
License: Public Domain. 


a aan, ‘feet aca at fea ae 
HM Slt & SIN Aca H ATI SAT RAT 
Gray 2?’ BA deat At scafa H ax 
H att arr Ht ees ga S geet 
Tae Hh ATT HUT | 


aca al Uae AT 


Ueerter eae, acat ant far eat 
& oferfia fora Svat Tet S| SeTELT 
& faw, sa ‘safer’ wa oat 
aedt @ fe, “aca tar varef ala 2 


fare ain arer varat F arated wet 


fea SI Wha!” Ae ETAT Aa 
At geet soarft ofearer eft, aati 
Be Sais BT A Uh Aca SI GAL 
aca & sta Ye He Hr Ata fear | ale 
fret veret ar claret & siftm az 
acat 4 fasta frat st Gera, sik 


Pax Sf aca ITI ISAAK Het Yearet SAT 


areal: retires fora: waafet gag feat st walt ae wend z, at ga aS fee siti a UH-cat 
feet aca al aca oh BT A THA a STI IN aT HAA Um celd eet a amt stem, at Tat A 
SAT | ae Fis After alata ea aN aad S fee at st aT al Bers yas ae A eat seastar 
eal ael St Bena? q eet AG aca, at, eggs ore wea St afew! saa ze sofa @ wife oft eat 
SPR ag dee AL at wet BR staciioe S - cfr sa fora et ore fH sited ort Car Het AT steht 
(arg Hr Ft A wet ar TAH ST Tairch S a ha aarael tet ar faerr edt soctee vet 21 safee oF ga 
oft vain ax and &) a UH Maa? 2 cies, areata shar 8, ara aft afters ax ward & 
frara aa Ur a ve S sik serewt & feu stetise ar am fink atediea & ta fH sites H cerahrea 
fix gq el Hl US 18 ater a) slew ved ea ae HST arentrat at et AT HK or tat ay ffir tea 
at a ate 3 at area dat Ft fe ae Sara a afte We aha att oe airs aauai At saftate a wre 
gael & gaae fact tat & fem & at 31 ae Ah Tease TA Haat ae Te, ST at aeraca 
au fears at) st at east amd gu fi em tat at are adage frea-aee el WKF UP-a ATE SM, 
at Patt tai at orert @ aa A at ara aantiat ar Afar, en ae acid 2 a ait set ar, yore Bet at 

aartt aaniat grr se vet 
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ae aét feat at Gat atl Se ass eS aia ad acc, sh ates al sah sa ad UH eam at fea 
sa Ofneca al ated & Ue @, a ohorseaen et ot saaatd feta ae Ss fee (in vals) 2 fe Cala 9 
ais F sites ak ye easter! skate sh ol Sa STH HT TST HA TH, cal HT ST ae Sa UT 
ama aast (sta aifsent firerar 2, (ik ares Het ds Haaal al aca aT uarait at after Ree ee a 
sic deren Fare aersil unt facta ®), a ae art a wa am fe se feet oft carafe areaat a fafa 
& de ware afifrart 2@ fh aed acer eastern set ae Tera Tea ret sit Tet HK TET) SAA Tens, 
AUT SE | SA GHA Acai he fH siradism Tat ar faster faenfara a fear at ah afl Sear sik aftan sitaarse 
Sra a Fad & waif Srét wet tet site! Se dh ars Foe a Cer welt set sor Meer M1) salted wet F sar 
sitet deat «stem aga Heda @ feb ae fear Sit safere aH Ue < aa & fered ant (Scifaee Hie) AT 
area al aad &, at ga ase fare he, alg arya varel fererot fe sites Uap aca @, 4 fee sare saat fer se am 
Sup dye & ary afar at 2! afta | ara fea me gett até qa sent aftash SiteasSt HY 


agen ara 


DwIge Gr seraTS 
SBUTTT (heats) 


fee3 : ort an fee roared : sitaeism Sik crests 1G Teaaferat H ward Ste | 


ata ot ft od ff ver cf, sete At atfcan al ee fared feet au ca fase fear ot aeat| SeereT 
& afte sar ad S| see eH vat & ak A ear ya wel vert Al cesar He AY St ST at ofa @, gars set 
fret we siftfrar a et ar oat oft fofae af 2) aa ena ats at agar tar, sk safer Stal See Teal 
Soe safer Ua alte fread f MT, SAK SA FA AEM ZI BT FH afin el fener STAT | 
for ota oH carat, daar, fran at fee sites fart 

eran fix srr ara aU <A aa att Uh 
Sa ew eT a Te aa ahs 2) aa Ra ze 
%, di gaa Sant aac al saret Asie at art 31 
fag a sre UH ait ater gat vect ct, dis ae 
fora ant en are ofaer gera 2 fH ant an ea 
Ol SI at Wad &, as @ sq afte a ues 
aration Fl AST Gla STA wa a ena Ha are 
HAL, TAA (I) ATRATSS Soa At tat a AT ST, 
a Heo ageel Hl TH ACH! ait aa dh, Wa aH Hs 
SR we stedism, OFT at tet ahst aca, stadis 
fasrifstd htt eR Sst Ss AT UH det ST AAT STAT 
SaaS Al SAT HH AE WaT | wa ea tet wht 


fea-4 : Geil are a ae fear ter 2 fm aes Vere, aca 2 aT el, sat 
USdiet Hest Ht Asta et SET | 
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STeA-2 : FAT OAT ae 
Hate @? 

SAT SETS fer Aca At Seah AR 
are arett Big ft rat TeATOTSTT 
At TROT S St YS Set tee 
- leh aca THTOT SATS feretaRL 
lt HA S | TA ANY aTeTA 
H eld 8? Fe Uh set Gecht of, 
fe Sach Genera & sed ae 
CIM COMECICCICRIG! 
& WH & are) fi, we st 
areda H aTUsit cat feet 
af vet @ ee set WaT aT 
aaa, oct el & ed H 
areat oF tat feat Foes S 
fee SH areda F UCATOSHT wT 
Sat abt wills sat ah S 


watch?v=ipzFnGRfsfE) | 


Tet wistea + fever aM, 


H SAR aN aaa WA Aw 


at are, afte onfPrat A arreae PAT BT Ber S aTST-AT 
ct a cure fark war arg TUT aR Se OT St GH Fe 
fread # fran @, at ag 4 Stet Sk qenenth & gee 


soba aera ete Faeroe ATT HE SAC BT SITET 


wage a fa or we 


=] oe ° 
9me”” 
8e 


Sahl Fe AA Uae SISA A 
Ut UST fare 1827 H gacht 
waret At oft (eteitfes $a BAST 
Tel ore gh) | 

1905 4 vert et, UH 
Gave wa 4, age 4 
4 ffdare wy a GASH & 
aftaca at afad ae fear 
at| agecta al set st & 
fer 1921 H sfaAt ar Alar 
grea erat ae fetarat @ fe 
sa Gist at frat Feat 
AMT RT IT | 


sa yarr A, ger Ht edt-Aet 
Ta aatae Fe Urferdt act 


fifed ert? Het cra @ fee 
ae UAT UReUT (AT 
WRATUT re ALA, A SH ft SIT 


SNA FA SAT), A AMT Sa fier sad 21 ae de enfera 
aiefi-cest smart aft wet eat 22 see ut Ft de 7 
A re Heo arate et Peace atch tt ese ot 


38 wear are) att, fe aan Ft ae aT feaaret Grd feat Gd Ex aT agT, 


aeae WATT 4 


faa-s : wm af ada mf 
ot 8 aearorant Ft seat ofa ar 
0%q009? afore at 2 


SOT Ue Bee BU s, Tt saat af” Het Sa ze, AN Tacs Ted SiN faftet 
(CAMS & sfrete IK A Gos eg ao afta wed zs, 
aaah STHTEY FIC, AN ry enteh-alt at B19 We Te 
Se FHA THK CAT ST TET sey at arena wet F 
BAT SAH CHT fob ST AebeTT Sas i 
a wae fee ae aifeet Se a goa By ong aut sa Te 
(https://www.youtube.com/ gray F cha ot F ver 
wae Tae, TH At af eevee sik wae FT 
eA stealtien Hees At wel FECT fra TT |” 

@1 aT feb afta afore cate . raft nf dh area 
UAT Hl BTA 
“sm vera tet feat feerfe a ear’ ey 


feanait F deface aft acd 
Ted | cent SAAT ae edt-aet 
tifa sad @ ff saat FR 
aera a ot safe sik 
septs G1 & Te a eI 
a areata ver aft aera 
@ Se Trt GRATES H farerane 
SAT St AN SF St SRS FA 
BCT TE FL TS ST 


& fSor F Stet ME a Hh HS 
aul F MHHER UAT ASN, 
SAT STs HAAS S SAAT VAT 
Hel TC h FHL Mt SL 
aha, aei-aeit et at a aur 
oft AS AT Ged , Sil TAIT 
@ Sk SH osat The feared eI 
oiedtt ofa & upan ade 
aaa & few ae we, 
https://en.wikipedia.org/ 


aaat & aeat| set edad nfs at sett Prefect aart & chor fre wiki/Brownian_motion. 


ad TH, Je Aer varel Pfs wo Gaede fee ga oie ar sary Heh aoefed set fever sr war et, 
wat oT | see, fe IS vars asta «= HAT AaEMa @ alles als Geral faa = sated ad Fo sar|ar Sara Mafeat 
Uh ded &, 3a ola eae yarftra «=wH at dy voter Meh ar yar | h Soetser SA We al Gane 2 fe ae 
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gare sal strafed feat st 
aTeRA-3 : TANT : fone Tet Hl caAT a 
Sa var & few sartcat 20 faeftettex Ft wer hts At seated rit | Stet Es sad z, Sa He Ht aferrer 3a 
Fe Od oh FAT UTST-AT WSIS AAT | SH He HT Ss HUF Teel Pees st ET hes Ais ps rs pl 
Sik ga ate Ufifara ae ci fee fatte & stat ata Arar A ear 2 | Ueeisige & HSA & aT, 2 
Rafts Ss fea at saftraran ater ace aan ART AE HK ore arate eee | SAAT SAMA & : “et 
2, Re fice ai care ara war oa HS erent mega adhe ae tarde ac oar | HT ASH aT ere 


“md wihet ay hase acetic es artic [li . = uaa ae 
ART Tea TH MIT STH SATA ora ae TAT a Pres ate, Rae earar | TCS) VOM 

MAT AA Se Sa STITH SRT PAST WL AAMT ST WS TAT STS TET @, SIK ale ST sere # a wh at, 
amet cara H oitSt-att oft spat care @, ct fees age arett wert Rerfer aS ort sre 2 etfees reef Teat at tst 


Sa SE WaT cht Up ae ficer-aferoer da, Se fee arsfeet ar ae, ar Sedat ae erat iy pul — 
arene at oca dtc At ear Aare sora mt a art 8, at sear aag eras) | TR PE ISAT Be 


atea-4 : ach cht faean : Un ater & after chr Matas 
Ta haha eld Tat ee Osler oT & ofc At ta wad Si a UH a a ae ase 
wave ist et Gat g2 FA Bet Rafa art @ st adifea ae french 2 few ae Ha saa afraa ware & few, ae vat 
at HS Tae at ae Aa ait 8 ak ses are Fewest S) ow TT ER La des rea hae 
arg Carr orm wearer ge St wre STE set ett yest gat alta ae ST waI! oe ts aca & ai 
at F sits Ged | me oie Chel Tet ont Hit eeicy, (eel oie, aq NM Soo Ge 
aS = Ss ae um fifa ER aH eT sat at wn ffs Rata & ae afc axare| ae ara ake e 
dufia dat & at fax ae 8, ASAP AHH Fs TTA THAT SHIT ART STAT Altes SAAT SETA aH feet 
Gata SSeS @, FST SNOT STAN UE Sa aireat @| fare te HY atas et fa arent & fau dat 
q waar afew fe are ST SiR G ET ge clark eth TorateRdor a sere phe Sarer asit-@ etm, safer fhe 
ta atta (PV = oRT &! See fate, feet te ers fer, Seat Tea SS oa ont Star anise 81 ge 
scarf) St areaf dtat ge FRR farmer steer Hager sgT as eM A ART Cts at ued sit aut 
afar aoa ar ai aT AK Rear Ta ech Sl Tecaraey HENS AT Ha =) ae Seen ser ae EF 
__ ies, ae Tees ORT FAK Set 81 TH TT, gs aac hae a aT 
oom ct RES FT act 3 fh tah oea A oecht & armani aa > apoh a sere emir | are Breer 
arr 2? ST hl Sah ade a HUT TAK, SH ae FEAT eH ts aaa hy aE wa 
eo arate qecradoy & et ame) gee te ovet at ord ectaghat aT WT aT RMT Le oe ate fat Hits 
arr ser & fare ae Al ANS ae vate TS Sesh HT UHH HSM A TT ea Bat aA 
fret wat at rece ehh Shae, ch ages sit five Ted, wg Ta ET eo oe ay aartt 
ao SAT AG SIT SYS St Ta a ot eefga SPM Sst SAT ge a oe ot ef. 
; @ AK Mee Gel Sl Aa el SAI TTT 4 x 102 WA on aa 
° 7 TS SS ae hitaadtemtataaet A her 3 ifs a wafer aw ons 
arent ura @ - Ge aearonn feet teh sea Hl se stachautate bi 
aut aat a! Pret aera Tea @, A ae ara safer Se, See A Se es 
Sel TH Veet AK Cat Gale at wnat F Wa aaa H aM ak oi saa St ws ait aah, saat set ae slat @ fh 
At oe &, ct te TH Stet ST garet At UAT che te Set ei eH ae aa & fe ea et Bo Ae Soe aa ere 
2, frac senator 2 fe By al Sea CHIT 2 x10" a tia ae GET 
ditt et sd &, St art Hew & fry See ATH ROTA 
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area-5 : Tecan saved WO ad z, TH SA TT Sal Gan a a, A ot ge saa & Gan ae wea 
Tia sik saver eaten eclagia at fret Afra sae ora At tt ae ef ae Saree she aT aI 


qaveH Yi aT 8? see 
Bet St & Gast a, STH 
Uh US aa Al Hea HET 
fara stftaca At pe oid 
ACIS ST | SS AAS & fer, 


Gh dom ai aaa shat eere, aT aR edt Hae, at < 
an aa teh rater at yer geet ara fare weet 1029 TH SH (1504 
aha 8, aT a saa H lee S| Saemeil H seat a ze 
* pretonearfecatarararee or] #8 ad fram freer lone” Le 
feet STE | a ge feof at aera TTT, eS oor St Ga A 


1968), taes TH (1898 


(1902 - 1974) 4+ Fawen 


ae a fh UH US atae” ara ora 2 Baa orga ATT xs an, ie eu oft) fara At fait ararsit 
ATCC UH HU HT LST STATS SATE RSA A, HUT AL sit ear e | ga farhtrt al a fau ak gen « 
ot fra tea aan seam dias Aa H fae wed TTA CETTE aN antfacht & fae, zattin 


F vate wfast Hall Sl) | ae SS 
@ fF, a am Ft ‘sae’ 
aiaa & vie Het oe ft Bt 
al, sk sah ae Hel H 
am Ft 2) feet sacar ar 
Uh SIT Sl Aha e - atet 
ast ae & ae we fsa 
fesn 4 fedt fsa ana a 
ate & neg A fore fers a 
aor ct Ref | te AaeaT Set 
wae o fer 8 Wa Ae HT 
set aver & fenett cet fear F 
frat Fafa aaa ot ciae & 
10 Batter sree et] AE 2, 
fe aor sat feafa sik at 
& Feed wr & ay stat 
sacar Ht Fecal Tat F | 


HS HEMT Hi, fe SAH TK 
Uh AAMT HS MENSA FH 
ara aed et aad S1 SK 


faaiet FI Uh AaaT he 


Ue Uh SAG Fa ear S| 
aaven catett 
urefia fat 


ar ® fren @ 


wireite sitferebt Hy, fererat att srer 

Sage Hl da Ah Ges abe Sez, 

@ HS TH Seta Hl Gott fret aA St 
Sail BHF tect S| 


waren acaiz 


aaoen sitfcrcht Hi, seteretat At oT Fema 

(Sa HT) BH UTE fee IA ST STAT B, 
cferat Se ote At Sift GEMaaT Cedi S 

fe ae ecagia at fora aa FS oT 
Facet art ae seth 


Tel cit Fh HT LA HT SATE BI | £ 


nN n 
@n | et saa ae ofeaa tafe ferro : saver cater 
sireat uent fe Wa #4 ule Credits: Dr. James Shombert, University of Oregon. 
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SG deal Hh Hees H a Ht fea Het 
STE HH Vt ST | ShraATal BI S, FA TH 
Tis + Ver eer fear free aria 
wamrersitfercht & ax fersa aft Seater Be | 
cafein At Feat sa was HF sflaq 
aftaca & faa seth wad Tera 
serca tt & wee 2 | gad ait a wat waa 
@ Sn sah Peace & few vate aeat 
aay fier set 2 | feeraen att Fe & fee 


waged vert & eq A deat 
at frac afters a oft staaeia 
aat fear aaitfes ferdt aca at Sach 
aaearftcnt 4 srqefea feat st aha 
8 Sh TO Het Tea ASS PT alt 
@ | SAH Adeta Fe EST fh feet aca 
oh ATU ferfsiat WAT F Vt Med S, SH 
sae Steed At ohare afted at art 


Sa GM & Vet He Ale Th, HirSa, 
freq Sate: SA Ad Al GAS A fer 
ant & eftat aifichta siftifsrart fore 
TAR et Ghd &, Fe Wad Ff fe xT 
al aTet et at Al Hatt Sr Ala AT, Bik 
wel Sah aes Silas ST TT AT | CEA, 
Sa Td Al GAA Al Als HRT Aet 
ara tat fee <eras & fare F aa & 
oftac fare at G Sait Fer ete =z, ae wai 


2 Sah Acta, Saas SHCA HT HT 
UA: frei & SA Her Taret fae S Te 
SAA ze, SR Fa Me, oelt giears1 
h ATE lg Ht Car dea foreach UH a 
Sl GHA | SAH UH STH SeTECTT 
ant tet afeeted A aT TAT S| ATS 
OMT SSSISh Hl SIT BT ela z, 


®.@-@ 
Q-@—-@ 


@-@- —@:0.@ 


He + 


feast 7: Steta-siets sheer (at tet shearer) 


3,He 


at 21 cafe G, Far SA atch Sait 
At Ara, sit feast sivet Ge Yer ett 
&, St SAT Sel HT TST Ta CTT 
fret Se 8 | SASH Src Safer TAs 
a ada Saat F a ale Sle Aaa 
alt Sars SK cifseet, BS Aat Ft 
forarfate apr street S Sit att ate &, 
scala Hh SIM At Le At Ste | 


a sah aH F UH We Stet eI 
wafer at Set F Sacha stat S Si 
SSS FI Up aHeaiH & frat 
fax wap silat agi star Sst 
ase Gat Set BY ater 
arht artim ant et st S (ART Set 
Hl Uh Ale AT HT SAY], Ue Ut 
Uh Wet FT AIT 2 OA yaar art 


e* + v(0.42 MeV) 


> ‘,He + 


iand > ie 


Credits: Nagendra Nath Mondal, Wikimedia Commons. URL: https://en.wikipedia.org/wiki/File:H-2_atom.png. License: CC-BY. 
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€l aA @) - SAT TATE fers TAT 
4 feat adits @, aK ae TTT 11 
WMT SAAT AHA SlaT SI] ANY Ser 
& arate stk Steen ror sft stort 
ad & st ga TAT eas PTR 
fuel) HER HSH (HTS) BT 
& (amt ett cat sania Her 
fora) aarht cara So S var frat 
STAT Sl FAT AS SRA Aa et S fH 
feral wer Gaeta At Sota Ara 
8 Ui A SAAT SAAT SAKA AT eT 
2 
TEAST ST SAT eh ST SETA 
1789 & SW YS sa, Fa 
THA & SAH” Wweala Ave 
fe lathe (1743 - 1794) 4 acat wT 
anffcnd act pr vere fora | crate 
7 Uae dct sl US Tareh wT 
q ufenfta fear at werafie 
fasyaur ft feet oft ara cafe srt 
ait fests tet fear St Gena | TE 
Fed St te aATST eft - sas sft, 
atten ed Seay ot Ver erat & fe 
3a UfTST hl Ue sede cep ira 
ah, wt ‘Teme faster a 
afeaisa’ off, ctatfsret ae da tS A 
fe st cafeat, fae cat TTT 
150 Get Ae Aer, aca Ar fasmfsrt 
ae Fa aa aed GAM A ae et 
Gerd off (aTera-1 Sa) | 

FRY At SA TR Ha HI ea 
TAT AT Ste & SAT SF eat B fea 
ver usted 82 sted? sik 
stadt afeat él mg saga sath 
waist 3, fara arfirehter sitfeeht ait 
wert amie 4 eg athena 
aft snffer 2 eae eu a ae feert 
@ f& fatter vert & aca WAIST 
& facet sad S| SA Wa Ve SA 


& fh Wey arate ea a dia eg S 


Sul G feat Sad & - GACH BT 


a sata we, WI YE ara 
Tet ASM, BITCH BT F sree 
sclags | ferett oft aca ao, A 
fifa deat A we sik =r etd 
SOT ae UH Slel-at aH TAT 
@, SN Sceel FA ST Hex H UT 
AK THR AT S| St SAT HUTT HT 
eat A wad BU, oH “acd Fl, Sah 
TEATS a Bead H, wh WE BK 
AH Ub TER SH WAHT G PTH 
aA @, SR Fl aH TANS A 
Wietal Ht Gea Gar etd & (fare er 
TCT FT TAT HHT ET B) |’ 

ae UT Sa ad Al CaS aad @ 
fee Us Steket Ath UM, aT =AY, 
UIS3im, Soir. ae ate, “3a 
aaa HU sal aed Tet AAT ST 
Gad | 

URATUTSAT oh TeTUT 

TEE Ste SH TRAY fered TET 
are ot fra HL | AT BA SAAT SAT 
oft 22 Car eet & gar carat &? fe, 
TSC, BA PH STA TAT TK Fra A 
tL PA ANY] ATTA Slt S? Ale T, 
A FAT Se AAT VT Tena S (Atera-2 
ad)? 

aa wafe ftaff ws @ sk a 
TRATOSAT ch arfecteat Bt Sahleed BH ATL 
H fifaedt }, vet et ae dled a 
ATH AHA SI, SA SATA STH fa 
Hi ace aed & fe, fam in & Aa 
at Sle dea Slsshst S tt aeat 
GST Bh SL APT FAT STAT HUT S| 
Tae SSS & Steet ch te HT 
Tita 

amt OS H Ale Tey HATS SUST 
ea, at assis & TAT daha 
Brent fate sect F dedtet et ag, at 
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aTea-6 : SACRAT He) & Att GT 
Wem Gate Tea 

1930 & aa & scfrd, aha 
tfc apr farsa, Aecayeh Porat 
MA AA A Te AM, AN aed- 
a Fea Gaal se acat At 
ist et wet ot a agar - tae 
Seplé tefther sik aed fratics 
- 4 sere sheet sitar st 
Sant aaa al fecnftra Het A Perot 
afer PATS | 

1919 : Gita wftalaart ter 
+ garn fe egies a eters 4 
BAIT, Ts Hh iar Gt Hr Alt a 
ThA &, WK Se FF ARKH Hy Aq 
aeét ot fr ae ofsrar fre ver etdt 
Seth) aT at Great at fee Aferaray 
ath 4 4 Te SIR 2 sclaeta FY, BK 
SF WS SAH ST HT MS TAH STAT 
oT (ale ai fer =a At Ist At 1932 
F ret Be Ah) | Sah Sera, 2 aT 3 
TRAM SoIAT ava as aft aTfRraet 3 
saftaca & ait i aS srcartt wet aff | 
safer, Uses At oR ea hr GIT 
att @ Gad WM aa 4 We aK 2 
oi fire diferaa & afte ST A eHE 
oA Te | FA UP See Ueitar SI Berd 
Sete MSA AAT STAT ST | 

1931 : Uefa ar eat oT fee “fear 
ae At fee Veit & ERT ed AleHs SHET 
SITY, SK UarS Hl ATA TA TAT 
Want ORCUTT WAT Se AEM 
Tel te TAT aT” Sa aa Hs ah 
vant fru at te Y, St se are at aft 


TAA: TRATHAT SH PO WH-HL 
a as w (4 alec Gattd be Vy, 
gash, ait feats & ated & feru. eel 
BH HT AE Tet & Gant Ft scaky’ 
aad) | Sa A wa, fe salt feet te 
h Tact H Vet alg clark set etch fee 


Tal ATaT Tat fe SSSI USAT BT 
AEMAAAT Behe Ware aes IT St 
Tes Bh OEHHA aT | ART 
al Sa Sed Hl Tal aT A oft fe fas 
ak fh Ys Besse & ary deed 
He MS St THAT Al Meas + 
fart oft oRega aA tS, SA a A ae 
AT Ta fh, SSSA S AT eat eT 
Ueel atftace ot) cfs San a feet 
H easter set fear tar a fee aS at 
acd fers ate fafa ee MTT | 


1936 : Uehhat + He et Yet 
=, Sachar 7H), “sic diftieia Ft 
Wisi h Hea 1931 FSA SRT aa 
we Te aftezat at TA: TSdTet Ft Fe 
AT Tat ot fe erat HAT St aTett 
aifsrehter aafstfspearaat oat aretat & are 
Ufeensor Ft GaeaT HT STHAT AMT HAT 
TSM Ss (ST FTE STAT MT Sta 
@) okt gafera & fet oft aT WE et 
Gerd @| Fare Fe oT fee FAT ART A 
Tate ararait & agra ter fere st aad 
X| varenet At eet F tet ms 
SH A Sues HUF Tell at Gea 
afta Al asatet eet S Fe Tar 
arent fer tet saftiterant sect efit off 
ait aa aga are AeTatt # art 
Sor SISA St TET aT) SaTeTT a Fer, 
H+eOn Ft are, at, se 
BI setae ST Sta frre =A 
Far eter @, UH oft oe oe at set TSI 
sl waar fared sat ot, sik fare 
Uefhed + UAT MT, Fe ATH + | 
> VH+e At afifirar & area 
a veel Fed Ak saekay CH) FT 
SCTE AH SAA AE Tar HAT, BIR 


TT Sh ST] SAT STAAL SHUT TW, Cheha 
Ue Ted 8 Ta, AM Bik AAA 
aes Sd  - AK Tet H Siss H 
an sa ant F aecta late (atera- 
3 ea) | safere vet at feat orect 
offat S AaTe BL STS Uh SA al Ut 


fera-8 : trad Seale Uecker Sik aied frathics 4 oer-otem Shae sation st 
sant aaa cht feria Het F Heal aprepre Pear 


fax caches ar fasts ae SAT! Fa 
@ &, tele 3 diet siaen Ft vec 
aifiteran ft Gtst Ar | cfs, telat 
at stent ot fer ae sifitenen sacks 
Fer Hut, site fit sea aegis tear ai 
pd ge eta oft Sr of fe cei 
Hse siftisrar Hl Saat Sik saht ax 
al AMAT SAA WIT Bel, I Wea 
} if ae ant A aa arett waa 
ufag arhrchta sifitferar & - tet 
attire fe yarn 4 vet art 
TT Gad Riles SAS SA Teal SeaTSA 
AAG HH 8, TAT AMAT TH TSK | 
SAH ACTA, SACHA ch Sa St Hist 
ora eae are qett after ast 
aaa dart afters At we 
Gerdt F | 

1938 ; aed frahies (1911 - 1994) 
am aiftiner faafearea 4 divadt 
ora Y, an amnftat, cae a Aa 
& antesta F prt He tS 1 Ta art 


Oa tal al, Uh atftren Gara sect F 
fife Sa S saret stedite eta sik 
ATTA aT | 


We SSSsM & fret sect F gaat 
frEet YR ate al fit ae ate 


Gara aT, Sat afta ar faves ar, 
3a ote Al ToT Het fe ant F aad 
geeft ditt siftfsrar fered sedt etet 
81 sa fracies + sted ae TorAT at 
at atl, aAT A Gear fh Se seat ae 
TUT ate vfs & ate fasta, 
asta ea ada at fear afer, aK 
SAT STAT STA HAT ATT | eT 
J $8 TUT a Get We, sik safeaw 
1938 4 ay an frahics 4 $a TOT 
apl Sentista fenar | $4 cheaeet 4 Ue hha 
wl als Aa aet fear, safer a Uefa 
a & fret ae sect tht sfifrar 
apt fara GAA TET aT | 

a ga we det staer Ft vec 
arftrispar at alst Tra | SerAl safeenier 
GSaet al Tarrant F et Ft ae aff, 
ak gahl Ysa Ht Bat Het 
few aa & ant ter Al 4 atett Sastt 
Jeri S gacht sta At 7g off | 


Wea vedi & (@tea-4 @a)| AIA 
ve fr ea te & We geet & a 
Ald Hl Te & faa FOIA safer 
@| ae Tee sca fawn @ fH ae 
cota srt arate siftifsrane gps 
at Una & it feet at al a4 
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¢ Wea 81 SH A HS Tec Ht 
Ble El &, A Ft UH feat F Tene 
Gad Sal Fs at Ad S Balle Sah 
OTe ale Tecaranet feast Ssit Tet 
atdt &, We a SF Tacit Ht Tat Fer 
Tel HUT | 

Sat Ue feed SU Te ch aac eR 
A AH HS Hs fest Adis a 
TSA AAS, TSA Ase AUST BT 
SACS GATS ST Sar &, SF SeTT- 
ST Tit AL TS SHISHA SA STAT 
ST TE Wah GE AT SA ST | TT SAT 
HaEM F st We UH-eat & Psd 
& dt a Stas varet feacdere sifcraoT 
(Qt St aaTHsH BT a ara feta &) 
UOT eld & AR UH-SH ed HLT 
arr ara & fi arrapdor a arfrche set 
wart ard Sl Vat awe cafein 
A WA SNOT Slat f1 FAVCA 
cater H at Uleta Scat Ua ST STA 
@ fe o steed HA aTTATAT Ue oft 
Uh-GR F FT Sd S| 1920 & eaeh 
H at sa oa ar Ua et aT ot fe 
fore ae ches ST ATTA, Sit fee Hes 
a TMT 1000 TAT HA Slat z, Gt 
@t erat al Saat SHxtet Tt sare few J 
are F sey are | fecraeg aa ANB 
fer Sa dea Shr aT BH age At GT 
(Sit 1932 Fag oft) & sft geet set TAT 
OT | SA Aaa, Fe Beas fee sf 
TRAN AR Aled ded HAT (RIS) 
BN ad &, fae Heer of, st ga 
ard ahr ale ft fae waver set a 
fe Car ha ete S| 


Wea Wer WHat oh ged sete ST 
ara & fea Haat tee eave 
atréra Get ERt FT SM at 
arfrhra wer, ard) usin Site asta 
aa Ht Hd A sr aid S sie ae 
cjoefis wopetey  apsed ottel 2 | Stet Seer 


Agata sac Gand &, AT WS aT 
FISH Saal TS ATH TAT TT S 
snfe-smfé | ga arith safsrfraraat 
a fees ateft Sart, sft cee aaa 
Tat Sot fafa Sait & saat arltrer 
Sid @ fh SS ArT et ST Bea | SAT 
fer A SAG, SA AAT Ua AT ST 
at @, 3k TH ACR SIT Sit 
Ter HLA S | SAS SAeHT PST ATA 
US Hale, AN AS ANT BHT Val HA 
wrrat @ ferent sercht ae & fafencr 
aa 21 Sat sik fafeor & sare 
HLS at ofsrere ger ara Hl afar 
aid & ff ae AR AS GH Teh Uh 
FAS SHR Hl FAT Tea S| 


ant & tet Sl ATTA SAT SA Sta 
@ fe arvehta siftifrare saat eftett 
afd a aed tect & fae ars aa 
am aot Parad tect @, sit get &, 
ait we staat &, feacnra & fare stadt 
S| Se AN ew A IAM alr 
Tel Sle, a aS safafsware Sarat asft- 
@ Be ald, sae Pence ateft Sait Ff 
afte eri, 3h 4 ant & slater 
sete Ble Ste | 


WNT Aca HT ASAT 


sae Tet fee ea Saray at aca 
aor at anifeat Fame, srg er 
acat & arfsent Geka HY ATST-aT 
ae ot waif sah ae SAT STANT 
feat STOTT | 

Ba deh Fars, AS HT AT RATT] S 
Uh UAT seu (AT ATE oh afta 
Weta Al Get) A, A RTA GT 
(Seta abt Bea Bite SAT AT AT 
FLAT) Z sh AT SAT Sh Pew HAA S| 
BA ATTA TAY] SHAT hl ST St 
@, Fk we Teterra ert at fet 7s 
at feat | ale arash ora stad aft 
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Bl, SR arrrent fepeh TATU sat Het 
UAT St, dt ST Ses CATO] SHH TSH SAT 
SAM VAT MT Aa e] Saree 
fat, Be aftferert wey wer aT 
SIT HT TAT FTA 8 (SAAT 
TATU] HATH 4 B) | 

aa SF ae aR & stat SA are 
Bea 1 Fert 1 Vet at afraret 
aa sfttreart edt ¢ at 
agen 8 afar ter at 2 
vectt, fret Teta (et) eRe 
afifirar med @, fret ares at 
Yar SM arett Sat Hr 94% Yar Hee 
@1 (faa-7 FE) 

34 aiffsrarent 4, 4H SISsis aftr 
apr Udi Slat & Bt Wa Behe We 
@, 7H Sachem arte ar wetten eter 
3, ST US Te SIR Uh SS aT 
BHT Uh-GER G Sel Ted @, e° USA 
(fa 1932 4 yet eo a Gh 
TAT at) at feet saaets se Ufa-aHoT 
&, v, Sclaert Alea eS (fore Slee 
Hl Tatar 1930 He fever TAT, 
Cfert weit STF 1956 A ara 
rst 7M) | 3He Stfererat are aT 
Ua areata & free at wleta sik 
Uh AEM Sea z, ‘He Ha etferaa 
aftr @ fora st seta atk at =eta 
ad @ ak y & attra & 
Fare are armen Sat etc 2 


Tecra, carte fer oe Serer eS 
Uh Use edt & - Vat aw st Wert 
o are F after Het S Tw Sta 
@ Ak ump afer ate car a 
St Wet & ay Gare eat Sl sa 
whaent At aed Tec sihatspar, sit et 
Shettt at aaftrfseer aecar gant Peearet 
2 fred eaten ar ais saa 2 
3a gt aera Portas ree att 


21 Sah Fed FM Te Sas TAT 
Gl US ATT HT Sa | | SAAT Aa 
ae gar fe aa & ese A Oe ot 
areft ara sit aaa FY ears act 
oft steht & feneit ata sits & fere 
HME 4 Peat Uh Sachtay sat A 
Gt HS Are S Mt FAST AT Gat 
€1 Wem & sta a areft afeerier 
CHA A, I SHE Sl Md S SK se 
fox faortfsta St ard @ | Ge & eA 
BAK Fed HH le S, Fallen FI 
afutrar 4 mas arrhta get 
foae Std @ | Sa Mae 4H as ate 
ary srftinant attend asta ett 
@ Filth F ap arches et SRT 
afira erdt & st fe Sask gat a 
Hel Saar Bhp Slat S| 


aa & aiferaa, sit fereist Gail, ter 
al & fre ae Hecagol Saas 
edt @ ae CNO am At afufrar 
Set S1 Stat fee aA GB Vat Acrar z, 
sa siftifrar 4 area, Algcisq 3k 
sieaetism & aca wife ted &, We set 
Wl SH SAA als Tel HUT | 

BU Ste BA SA raat At art 
at fad dfeaa seat set art 
aed are Sl aS sahtispare eel A aT 
Salt STE TE ATH SATAT Se TH 
wal atdi, fad anit at ger wT 
SSSism Sere tect F | 

fedt tea & area & afafaae ar 
UA: Oe Fi | SA AM & feb UH AK 
asesm, dea 4 ae ae, 3k 
Yer Se sifatee Gear car fateac st 
TM, Gt AT HS SVS St Sa e, SH 
efiteit fax & fared wat 31 ae 
GRE AN oh Shes Sh ATTA Hl TAT 
10 ats feat GAS aH Fat ear 2 
Sdq AAR a difean & are 
Gers HL UT aes SAT A S| 


Siferan & sa ses Ft vee safer 
e: 


*He+*He — *Be 


ae sftirar Bearenret safifsrar 2, 
art, sa eh & feu Sat Ft seca 
edt 21 fam, afer & set F St 
set Heat aT ze, fray Be 
a °C F BRA fet ete &, Fe 
searardt sift e 

‘Be + “He > "C+Y¥ 

st oa afifmaat & dana & 
aftoracaen dtferaa & dia arteat 
a UH are ae wa se] Te 
aftr 4 fret aot ort off, sae 
sae Sat eet aafttsrar Stsct s | 
cfs, ae afte seared aA 
aaa Stet @, fareaeHr Aas AE ESAT 
fe feet arftieita siftifgrar A ua 
Rh STG, esis Fl der A 
diferra met tftrn faenten 
Bat #1 UH aN °C FA SM, dt AT 
stadisn sik Asia & ater sary 
arett Sr fsrere Stat STS Vt Sct 
"C+*He > *O+/ 

216Q +4He > Ne +7 


a vipat - at dfn & aaa a 
fisim, sitectiom, fate, se sarer 
ant deat & cer Al te Gert SI 
Vet afin & et At aestaar 
at ate feat a sae Sarat aa 
SM wR St aedt S1 sth F safeenie 
q Hy AMT (aac) GT BHT BM aS 
Gedt &, al, Ga H Aa 
a often va & see & aad ze 
(Stee 5 Ft are He) | SaTeTTT =H AK 
Uf, at hla WATS AY Bat SAPS 


UCN Ht ST AT al AMfSraa Yer He 
Gad 2 a fix aifeas, a fsira sik 
Tl STIS : 

Por Lo "Mg +7 

“Mg +n 

*Na+p 
0Ne + 
> '°O+2"He 


se OY A UH saat & few araer 
TaN h hese H TIA Ue Fake ae 
@1 sat yer sitedism & arftrat & 
are fats sififart et aad 2 
aS si, 18, SRP H ay Ga 
Bret e 

sq safia aoa Ww aA oe 
He fate asta AT at aH 
Hl Ble AAT F aS aT ze, SN Fa 
wiser al Sra ATH fear vat z - 
wert faaer caret feadeaer) | 
tet afitrarsit & a8 o sat Sa 
araarat ot feafeat after et airdt S1 
saver & ferw, ae safipar : 

Ne +y — O + ‘He, Matt & 
wlel feagenerd great eferrs Yer ax 
Gerdl & | stferara ar Var arf, ft 
@ aia & Us a ha A Mf 
Brent '°O, “Meg, st Si At UT eat 
al 


wet feet at es er aT dia 
at aus feat a sift ei, at arireita 
aftitraat ak wet feasted & 
ae aifeat fafa afta et and 1 
X ofrare efiefix atferem att aren 
aardt sit & SA, 77Al SK Mg, 
aut ArT sat “Fe ah! “Fe @ 
oy SAM ae aftent & Prater 4 
oil Fenerdt @, afer Fe & Farar 


—> 
—> 
—> 


“He 
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SOTA oaret arent & Frater Ft Hat 
At Teta Tedt S| 

wy at dea Gar het elt e? 
Celt afiterarsit ar wer are aTisent 
Bn Agata Vferars oe AAT aT 
@| ae Ut aire ea sarc BTS 
arate aifrent F at aret srfeperrett 


FX OHM, SN AS Ta deh Act Gar ze 
wa da fee up scaer a scotia 
arch Uforat arisen Aw et Sra S SK 
TAT Hah A + | Ae Uh AAT Acs 
aeaca Cha S| SAT TH, CTS BR 
Hp dea ft Geshe Stet S| La Tel fs 
wept F et Ure SY Tet Aca AT st 


Tarene F sat St S FAM Ta z, 
art, art & SraRTToT SAT | 


Frend 


Fel WS GAT 4 ga Te al GAS 
fer ant & flat deal at SH ha Sta 
21 Fa ant Al swe ae ae @, A 
CUTE FA Sic S, SH SAH fearepte 
Se &, dt a Haws F Sa Acal HT a 
wid & fee Se Tara al fc a 
aes SRK Teh Geel F Wea Sd 
S, A Gad SH AT ARK SC AT Wet 
aml Frater cacd & far oe Sftan STR 
ware | 


SO Hell Hl FST ATT FSA AMl GIST 
ST Gamat aT sare arfsrehtes st fereht cpr 
Saar ferenrea + Sat sta fem SUIT sr 
Ub-GR Al A Gehl AR aT 


al Be PT St aaat fee ale. 
G aU afin Sad S, I AIT Swat 
SRO fees ae AE eld Z, SIN Ae 
ft cam ea fe sa attra & 
am at Geuraare sat S| AT AeA, 
Yfsateattar at Sat & au atts sik 
aifttent FY feat ft Gast, Sa STet 
al THe F ASAT Te & feb ae fen 
AE Teal HT HH Sa SI Steals seh 
oft ta ata vara @ fad vara 
frat areht &, att sefifera areft off 
FS HEAT HT VAT HAM-A BA S 
fora area & airs fey S| 


Note: Credits for the image used in the background of the article title: A star-forming region in the Large Magellanic Cloud. ESA/Hubble, Wikimedia Commons. 
URL: https://upload.wikimedia.org/wikipedia/commons/6/62/Starsinthesky.jpg. License: CC-BY. 
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Oe eas feraT A AebaT V1 STATE = Hee PraTST 


112 | aig Gsz., Afsenafin eget aga | eat, 2017 


BU Sach faenra at 
ans F aa HT S| aE 
ME Sa Aah TAT AT 
AUrt HUA S, Bie War 
ata & fee Gt AUST 

& Aleta sik aret A 
fact ag srrenthat a ae 
HUSert At SAN BAST sl 
fea ae a aeet fear FI 


SN Bae At hy WAT FATT 

THT ART S at ge fare 
TANS HUH St Ue sere S fra Ba 
AT RK He GHA Sl sadhar F 
stag afd & Berra ders A 
der 4 SAN Te yest UH Ita 
SPAT at S| cifebes Prax sft, ae eet 
Sa Sgt GT STE S| Fe SA Aa 
War sche Ve @ Vet saa BI 


aM Stel Halt Be Saret Sta ze fp 
yedt fra axe arftaca F arg eri? 
qe Hea SN fea Ke oat tht? ae 
qs At sata & vect el aa 
Tel SMT? SA Ba Gael H Tis UH 
afrardt sk mrad SOM S - As STA 
at tron fee Fat ea sa Tavs A 
Het S? SAF SAM St Tat TTR 
aft Saat et ft aeataat & at Ff 
Heat WMS S| BACAR, Fea, 
GS Hl SHR CHT Hy Wet HS Mt a 
Uh @, Sk ae oft stahtrad TT are 
HATS HI UH ATATT aT St at eI 


as sz... Sfsenaka spa aga | watt, 2017 


a fore Sta ATL Sar eH CPTI Feet 
Sa We Al TAM At FAT GEMTaATE 8? 
aan staat fick up an fea a ae 
aT S, seat ach Tea 2 aT fat TE 


an HVS Ht seats 


ax qs At safe adta Fr gear 
@ Ak eH adie 4 ara ae ad ta 
wend fer ae Gat he aed SSA AT] TK 
Hose At scars Hl Gas & fers wat 
area dedi fecnet uel & fer eH ta 
Bead AM wt Pacha & arr sat 
ghacaa sat fac Areas S ae 
vet At scafa ee hit) gam oe eT 
HS Sle Aaah ATA Al Har S SIT 
Ufo St OTS he Gad S | ATP S, 
BH a whore opt ferrpe See FETS 
att Ht etd ae 21 SK ase Ht 
GC AI aa F geht scafa a Hs 
Gerd edt B | 

OTS Seah oh LaT 

wa arent Ft as ocd ean ore & Raa 
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ae dad fread & fe an WS 
aut geal Ht Uh Great Beata tet FI 
SaTETT H fer : 


1. att ae aaa fen Heel ar aarHL 
cad S| Yat a Sal seat ch HTK 
G fret oft fearg @ cas ox fearg 
cate fer a att We ast & BA FT 
serdt feat Has at Tea TT 
el 

2. wa at sod stat ox sett feet A 
HATS fore FER H He Sesh AHL 
CHM S| SA MS VEIT HEA S| 

3. att wel sik strait ae favsi 
ail Hae Hlla-ALla TATAT E | 


4. aft get At qert wre wan 
dct ot fer S| 


Se 


fara-1 : geet az fier & at fer are, 24 
ade 2012 wl wafia feu we seat 
fous & ens sea five agi F wie 
HK FS SHS ed Ss TT seater FT straw 
goat ae fired & 1 ate muse 3 urease Rat 
A ott gf seri & eo i a aga ferret 
apr farsa eI 


Credits: © NASA / Eric James. 


am Gt wea & 4 fats gen 
ATTA BTS sreares F SaTT ett 
a SR sas We feafeat set arch 
sae ae ote dehd fread @ fee oat ak 
US Um et Feat h aed Bleaca F 
ATT ST | 


Gk AUSe cht BT 
afe waves & sieeve F a HISet Ft 
seat atheft gear oft, at ae fat 
ect aed Be art? 
agial TSA VI Hl SA AA 
fee geet ot sit aver steciter Ft oft 


sed GT AEM Al SA aT STATA 
are ar sare fear 21 Usartifes 
Sher ah Tae eh AT SAAPT Hh TeaTt 
Hl Ga TT AEM At SH sh STAT 
TATE TES, fare Sarcht BH Hs 450 
aS Ae Tat el S (Fera-1 SA) | 
qedt Ft sem-stert set & fet 


Fera-2 : Geet oe aferott airetet ch feet cart St Pera TAT Tet Sh STEHT GT eh CiTAT 
cere fara fart ot out am yarn & eA faa & wa ant at da was 
S| sa fig a adic @ ded weal HAT od eT aha erat ht ear 2 wat 8 aa 
ATA TART SHY Sloe Ta SAT S | et SATAN ATT (AST) BSH The ike eet 
artse ant erat SAAT S SAT ART & Sha, SANT SAAT T sh free AAT A Ce SAT e | 
faa & srr Fu ariiefta aera S| Goat ox, sat ate & See SN CIT S SSA 
At sadt arp cede ot St aed 2 


Credits: © European Southern Observatory/Z.Bardon. URL: http://phys.org/news/2016-11-magellanic- 
clouds.html. 


faa-3 : gard atrenrgri & un fees cat wa ga fener vem ferr fa 4 feet aren 
FORT SAK HA SAT TAT AST SAKATTATLSATS TEATS SH Th SAK eT Se SHUT aH HaTTT Sle 
S| US STRUTT HRA Sach MTS AIS ATS SAT TAHT ST Aes HL Ve | 


Credits: © Loke Kun Tan / StarryScapes. URL: http://www.deepskywatch.com/Photography/starry-scapes. 
html. 
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(#1) 


fir4: oftg gat arate aeagten are fare re ae aT are ait & Feet (@t) vfs oars (site) Prather, sand fireeht-S 
ATT FAK SAA oh Sch ASST IT HS UH S| SA SaIatEHe Asal (PMT 1350 WHIT AT SL) Sls aH SHOT ge PeThaHT ST 
Meg Ts Srest We Stee FRAT S| Ale ATT Te SH SAHA H SATA MTHS At fe H aes at ae Perktent wap ete aa ch wT 
H ferarg ¢ wenctt S| stteraa Prenitenr F gett the eS fer SIS ST TL TH St Geb S| FA TEAR H ST SY AA SIS B IS HH THT IT a 
Sl (St) Bare fiesht-a Strenrenin o& tax St Casita 346 a Perit Fae SA Ser ata | Tet oh fet SN rel VT oh SA STS 
& Ged Te ch Sat S| Se Poa H hex HSS ST Tepe aTet SaPeraHHT AL SAMA aT A ws, fortcht Scat Tet BH sTact FH SAT S Be | 


Credits: © NASA/ESA/HST. 


aaiikatapieteitts Le See cia ec 
Sfen Frag 2, a at sa eT 

450 FAS Ulet SA oh Gehet fet SI 

saleaw Sa He Tend @ fH Ge AST 

Fi sata ATT 450 HS Ulet Tect 


es rit | Sa Fa WS SHS feb Ged 
Frater & aT 100 HS Alet ae 
Sart & Yect carey peat ox SHY, sik 
GS STMT & STAR TBH ATT 
at fat 600,000 are Geet & seas 
4 au : ab 
450 BAUS UTA VET (3) - (a) 
Fera-5 : attret Prarktent ch atta at Cana aereet (UT) HEC ATet AA HT 
Fe i UA haat at aera fr Frrer eae rag 2 tz a 130 
= 
Seat ng eae THI AY EX Se CK Sl SF et TAK eae Arahat Karl F AS et SAerT- ATT 
S 8 iN Sart gre ett rE off | (at) Geter ae (Stew aE HTT St CUNY aS Sea Bact B) 
Tega fora SSA AY eT HSH oe oft mg ge cece ee aereer & ofiae at fe} eres Be wend S1 Te, Tea 
fet, GH STAT SI IRE GRE yang wie oe aut are ore @ ae Ru aa &, gale ge Te a 
Sah She TTS TAT SPT] erftaer  araett Ba Read wet 3 VI @w set at Aa Maid at cara 
aft aia SUH ST HAL SMT TH Ty S, SN SH SHNS Hea HT HHS HLT S| Ale et SMT 
eae a eee om Reng rite er ee eh rata, gfe em a gee are saree a 
an Freritar & sftax sar 2 sa fl Sea Ge S| 


Credits: © NASA/ESA/HST. 
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ATRA-1 : TORHMAR ENT Gally Wy THe Ch HAT BATT Peat 

ATHEART re Avec At scale Sat aga efit oe Siler NfsReNsAT A aa A 
2 sit aa cared & an a aga as ofa a ard 8 ae aga Fo Gea i 
als feed SGA ST Slat S| 


e 


* 


Fera-6 : aret ar Prato anes ated Prerhtent at qoracaet SMT Al My AeaCT | AS 
Aer YS elt SUH Ted Set TarHK Meret & ees a1 ex teh ge geet 4 HS 
areas fair at cera @, forrest gach He eT A-ehit fale creat set rT FI 
fergusa cht wiser Preritent & Steak cht Tact Sct S SAN SAAT ALT TAT VT STC | 
AAA GS Sed Md S AK Hatt: SF aT ar Fah et S| Sarg ga UAT ST 
a das (saat BI) Jet SE WH = : https://www.youtube.com/watch?v=Yb- 


dwTwB38jtc. 
Credits: © Mathew Batte, University of Exeter. 


dS A SS UH-GAL T Ste HET 
Tare ste Fr sae fears ear FI 
afer ant & sta Ft ae se wate 
Hag Tel Stal! SAT SI Ns SA Ie 
Sa fare eae aH at Sea ure 


St ant & aha Ft sfttenigt sete 4 
hel ted | $a stearate Area 
(interstellar medium) 2 afar 4 
SIguaUa Hed S| Faa-2 Sat citar 
tas aeekht H agwauy up 
set aA ret Ht ace Feary Sa 2 
HATTA THRE Teh SSSI SAN 


fea-7 : othras Praritent o& efter rise 
GUS AIT Et AN Hh HRT Sed FT| SAT 
crafter etext & oft 1 ger Tea a Site 
fratfcer a oftac we area & Rifea He SE 
wus fears et FI ST aH AN 
BROT SEAT US Ht (a S, BN Fs UH AT 
Uh F Fal AN Fad FI BIN GE 21 Ae 
aed Ue S fe SANT STAT A HVSct set 
ate fet avs fa Rena aT eT 


Credits: © STScl/NASA and ESA. 
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aera & WHAM ed, AN HS 
stredisnt amfe ft ot atch 31 sah 
HATA Fel Te H At Tet a HT 
ald S| Sik sry fears He AT aT THE 
Feat & St HU Hl Ura SN TaST 


| alli 


» 
- 


Faa-8 : Uh HATH Ent Al Ws Hear 
fee aaa & facteet are ae Hat fear 
air gear ser #, ad it aus Teds 
at 3 art Sat a seed & feet att 
als daa Ft sift dt 10 are 
Aleit ae St WS Be eh, Ta ah HH ST 
Paced A AMA eet Safe Vt TAT SPT | 


Credits: © NASA Goddard Media Studios. 


Bet Gest oe Oy SI ATT eet SH SHUT 
a Fed fred S| 
aswaay ar aires feear wae 
at 3, SN Fa ACT 1 ANT 
ofa aa Gaia a sae oft Ha eid 
Sl ALAA FST he Ss Slat S 
tert Pet ot ae STITT & Har 
ae WW Gast Set SAA AT NTT 
15% Stat S Ver sates sates ART 
& afta sec arftrem cart stat @, Sa 
WAT FS AA STS SISTA St Ha 
S| ARTA HOS AA aT sitar a 
100- 1000 wat srftras aera Bi tte 3 
aa afta aaa aracit # Rrerfeenrt 
oft pe fear stat 2 | strorfeen areet 
wen are dee avet aK WA 
fretted au ant at scafa ar ear 
adi | (Farat-4 ea) 

ae sana aa sa fe sie 
Petter ta & face ated & feat 


faa-9 : feet more art at ag, sdtarars ak & ge-fird Hie anferre usw cht 


HUT | 
Credits: NASA/JPL-Caltech. URL: https://www.flickr.com/photos/nasablueshift/7610034044. License: CC-BY. 


(a) (b) 


faa-10 : Gat ateft Hef ox aoa aT - wlofte ae ceet & fara ot we 
TATE | ATT Bait Re st SAT aS herr BOAT TERT, ait sare ett er ord S| cif Sta 
SA a Breit He AT at alae A Hie rats aa Eat sees aA A aa ae aT ag 
sore 2 arofter eer eiceror amr fergreat GH sara & fee vet aa ser Blots eae, sit Paeett 
aa A soararr or farce fener ake SST, SAT SAK Beh TEA ch oT (fara wlohe ar sft 
HE Aa S) HT SAS Stal S, SAM VHA TST | sala, seme fret Ga Hl SIAM SAT 
Slee SA Te A SITET ASS ENT | A SUR RTA Bea BST Vt a A AL ATCT SHH ST 
aratt | ga fared Hi Gaal are war afer Sifeat ga few We aT aT Baa e : https: / 
www. youtube.com/watch?v=_eMH07T¢ghs0. 


Sd SIA lat @ fe Set AeHei 
al eat ak at Gad J frst ax 
al aq faved Ft uf a rT 
Sar | Gears F dee fetaett 
ay seas Ht A are feravest Ht 
ofsrart 4 fepet stterend set warrtette 
FET HG Sle BIS ATT Vl Tid S SIN 
Fada Ba a fea fara Bt Td S| feet 
aaa Perftar 4 faves Ft 
Usha hy STT-STeAT AAT SET 
@ Gadi & - Fa feet facntew ar 
G WA ae sett sera, fret 
aan & faa att Hs aa 
aa at oteaite feat) a wfc 
GRAY Al Hes S AAS ST eT 
al 


ws Fed Tee B fH sheet Prerhtenr 
aU aq ant (fea-7 aa) at ae 
SAT Be Ht Hee 500 HLS ATT Feet 
feet at Pretitent & tae Hise fenett 
Ble-F WS F TA S| SEU SH a 
feaftsa sist at ad-ate Frerfeert 
ae cH an fatter at & ara, w- 
dc Prefer oma & ae a cet att 
AN Kl HeH TK SAAT BATH fsa 
Fe TAT | 


Sed SM H ATT TSAR Freriteat sar 
ATA ASAT BK St TIT | CAT sahery 
eon Hite Sed VU A Al Teds 
Bat Geet Tt ast Sot A tact z, 
ait fax aa Sat F at Hom) | cect 
Be Meter srt hes 4 Galfer TH 
off Set Seren SafereRTgT ROTA The at 
Uh TST St He Hl Mat A blest AT 
(fera-8 Sa) | 

ie ft ge tie at aa saat Pate ff, 
clr UHH G Var ear et, Car Fat 
& Filles Sach hes Hata Seta 
Ht saPtiorane eS ett h fere exe 
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area-2 : whafafa aa: seqaeet 
a oaaea | frat okanchia am art 
safeegt ct Frater wa efit wfpar & 
Sl HS HUS Oe deh aed 21 afer 
feoraeg, SIR We West WA 
facta ard ae @ fer fret Prentice 
Te hh GUS Fl SN Sit FaeT ST 
oft Sl, AIA Serb HS HUS Aer Te 
aS STR TST HT | STA AT SAT 
H Seeb ches HST SAT he HT UH 
AST Met WM, Bk set fea F sah 
se-fié gerst aI Uh Um SMT Fe 
Fora FY Tay h Haast Fr 
Uh SET S| 

sat vere & fepett feratencara at teat 
& feaw Wee ALT TANT HL OTT Fax 
HEH Pehl HC THA USS A Seat 
URS Hl siedt F sik Garda et a 
let | HS Tet ga VAT a BS ¢ BI 
aed fe gar Star 21 Sta oT et feat 
a sada StF Fae, WSSt TIT 
ean a frat we fear a ett are a 
BHAT TET | 


aaa Aet oft) waiter te fact 
St ARI Hl Btfetere (protostars) 
Hed S| Slettich $A SAT Teh ATTA 
erat TK Fel BST AT tft TECH 
SA A SAAT St SSR (proto- 
Sun) HT SAT YS HU & fae vale 
Tel EET | 

afer Uh - Tet & Frater a wer 
HeTaATU ATT GT Aca 

el Fa Sh ASAT Tafera TAT 
ATA, alee Ht Scat & are SA 
3e-fird age fecrcren ara Fifa et 
HT! Sect Ss Pratik HT UH APT 
FIT St TAT AN Sed Sse ch AT 
ACH Tare al Usb Alet Usp SAT fear | 
vad F at Sa UH Hl Urankar 
ash (AM, at sl AH ATA ae 
aah), a stare Uw (A, Wet 


faa-11 : Sat RT A oat oteft ger At ie (fsrs See HAT Ah HET oa 2) tftahE 
(accretion) Tl Uh STAT-SIPTAT SeTewT él 

Credits: Jellaluna. URL: https://www.flickr.com/photos/90859240 @NO00/3920518005. License: CC-BY. 
Ratt a vet Affe eh are am) sik ah aes F fears OA are aT 
HET SAA S| at cist ar FATT Sat S| 

Fe Us dah Hlofre sary Hl eater a See on 
Tat Al SECT Hh SRT FAA FI fret get & aut a wat & 
POP Tay Sh ALAA aT FRITH fercprat cht wrist at ere fare 


Ret 21 ea aA saa F fafa ea 
GAH SAMS HLA S | FAT BATT SHH 
Bae atch pet we ats S? arreht a 
FT BATT AS TT STA Sled aS He fh SF 
STAT Het Sr FATE | SAT STA STL 
Ff site er SI ‘(Rarr-10 38) | aT 
ST Te aT ST AT HT ott het Bent 
Sl BS IK TA & Ae SAT SA AT 
Qt al Stee AT SAK Ars oH fee sa 
STeUE BT AE fer sarah EA At Tet 
Wl SGA AT AR ISAT z | 

He Ta-A Preritant SteHR F fest, 
A Sa ISHS ST Tw he eT | 
a OTF ee ga aera & ae fafa 
St Tar feb WATT aTeet Sets 
smfeael Fat tat ce rar | aes yeh 
ope feee 4 oftareshta asm ar Prater 
ax feat) Steet aad & fe cect 
Fret & 304M FT RTT 99% 
fora aa Fara eT, states Fa 1% 
AT SA UH HAT ST | BI sat 1% 
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eum? asad aM saa eT 
TRCATHIT | Seach Trecareeor 
§ dc uve & fiato 3 fre a 
Tear after fag cist Wel 
& fase & ait a ae ae 
wan ak wad Fouts ga at 
OT | sifene asm H Atse eet 
TT HU SII Ble BN EAT Ech 
2 fee Tecareasot At sah Sha 
ale Fecayot afte et et werd 
oft) ar arat aaeft ae Sar @ fe 
fore weak at feet Sat at act 
aoe (Wea H ae ae SK 
facet cota 2? at fret ace We 
fred & ole aa arg vente 
She Hl aa fat H ae &H HLT 
ad Mt AG Tet GS SH aT 
@? SA ATACH A T HY STTT T 
aranioy act @ feordaferhta ac, 
aft srafira oii & dha era ee 
arent at! get Reercefccht at 
Hl ate & sifere am F Athy 
Be HI A Set UH-GA H ASHL 
SER F FS Slt At AT 


Set ATT 


wei fea 


fas-12 : afére an & aroara ae aa chee & fee feat Cora OR HES Tae area Gata Bla Fae at ae aah, TT 
aTaatt & ot chur, forrest Set 4, Soria eet sa cant Serra veel ret aarrae Tea a 
aloe 1 ate vareil Sea Fah gel eel & Paseo a cara ett ae oft che weer FH aretha, aferriert: rier Ey ea GL Goa 
wes fear anfeare amp Hf vareit & ge yore oe arr a are eh stadt caciia Del SR oat ha aat & cia Ft fafaeran fears ect 2 


Url Tet Th - ATT THT HS 
aig at 

edt ar secatea Stet fret aS Te aA 
td hb AHR H HUT Bl VS-TSHT 
SAM Al SRT AAT Hi! afer ae 
feast off atsftea sit staredaer wt, 
ter erat @ fem eat ak AVS & 
act & dt set gor S| Fat as 
om Se-fite ert Ther He eet S Tel wT 
oT Up sifecat set oper eft sit 
ae Fils Orett Fat SE a as HT 
attat & fer et aerdt off, ak vet 
al AMT Saeg St AAT IT BK AR 
Huse 4 sah Selanifers carter a 
off faut Sex TS Gea aT | 


TY By ASAT Sh HHH A, Mere Ect 


ara tert =| - arate Tata 
avast (RETA Oh STATE) 
> ae 1000-1600 afeaa ya 
wg tephifian 
» Fats ars 500-1300 afeat 0.4% 
wart AX 
i. ait (H,O) <150 &faa . 
agent = He (CH) le 
afte sata (NH) 
orga aie | TE Prerftar # dara 
fife Se wera _ 


faa-13 : 


aie Preticent & aeret) at Peter F oe aM set UK Va & Veal aT 


; AMC SAN Meas VA Sh SATS BA Sah GI Sh ATT ATTA | eT Se eR Bh UT area 
wad eC oifeme aa A eft aft G saqurdt Gera & arqery a frefia ad 2 
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Prertet ar cent 98 ofagrd ISS 


DIRS CISA STR - FE ATT & HTT 
dafrd at te ge ot, aaa ak Aheaa 
SS TOT eT AUST sat MALATE aK eid | 


Faa-14 : Wee HTH ENT Tse Be Tees Sa-FTS TA iH Al HVAT | A VST ch lee ata F Sa Teich are ara sik ah 
Said Se SR SeVNls cache Tel eer rat fea | gach fara, Pach weTke CSA Sh A VT STAT S arate Stew Shea Tare Sa A | CareHT 
Tel AR Te eat Al AT-BAT Taras Aca oh hs Hiss TS HTS Ik Safes aw at ATT TaOTAT | 


Credits: © NASA/JPL-Caltech. 


ea val a deat oT ead HS 
Gait Hh BE H Ble-wle ea 
| At HF Met HT UH-aa 
a cag sa dt a fterdafechia 
(electrostatic) Ta ART BATE F 
FSC TSS Set Heo GAEL HTH 
H UM F Poclet St TC At TecaHIT 
Feil HT Get YR Vl TAT! WecaeHy eT 
Te Hh PROT Sle Tet FT ff SK Gareth 
al at ae strand frat stk St aff 
ALA aS sq ME Bret GeIait & 
frat set 3 sella arr ae BUT 
ary get ait a8 Sa aA A RT 
aafiratys ecardt 81 are rat ae 
oft arftrate ar sareer de aere 2 


aad deat etm fee stat elfat atk 
dant & HT sik feat at Prafart 
BTS GM Fel foHa STAT AT Sa SAAT 
Hl Get sgl Sta Net At ae a 
edt @ (fara-11 ea) | ae attra 
- feet set oa FAT ad BU 
Bret Feat sar aT TAT BAL IST 
@l SAT - HT SATS S| 


aaftratar tt oper aaa a ster ait 
agit PETE (planetesimals) (art 
Fed Gle-Sle We) Heed S| RITE, 
We Aet Sd | SA Se WH Hat Tarst 
& CHS H STF CO Gand & SH ie 
efit ot it afte xomea fire aaa &, 
aN ged Kb wey F We sq THT 
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@| fea ver & cera alfa 
dad seat ste Riggs we, ae 
Wed UX fee as oh ATA 
frit ot | sifeae am & fret oft aa 
a AH beaky sical S ath RT 
cra Star | ee aA aS aT aT 
snfiue ae ar waa afte aa 
sah bes & ata om, fa ae 
aM sifese as h hex a sah 
aredt Sat Ft aie efitefix @ Ha Star 
Ta (Fera-12 Sa) | 

aifege ast & fat ak wah 
fone Fl Ae HHA set Giles 
AFA VaTee CTSA (TAT Van) Ft 
ad Ftd &, UH Vet dh fash at 


sft arasitar afte se ot, are 
Tale BT FY We Ged S| WS ASA 
a aH ahat a a areratter attr Fes 
ATT as Fed F et LS) TT car 
BISSISH Sree as ST ATT SA 
Tata st stata & fers esr 200 
aieaa AHH Set BF G ag BT FA 
Sora fel Uh Seo SAA 
Sl ae eam F vad oe fe ser. 
ert area APA Sh AT-BAT 


fer Ike CISA Uh UdtH Vat A 
aa Uh BA S| Sst H GK WS 
F wre TA Wet Si Geeta At 
weet & sha oat ada 4, ae 
aa FSt VHMAM Fat Tet SET, Tt 
Wee CSA SAAT HATS TET SUT | 

Wee Aer H AK AA ad, Sa 
Aa ae at (500 Afeaa-1500 
afeat) 4 fafeere Se starsagitet 


Tae Sit citer, Pfenct, Urea 
a ot ag Alfie cata sax HS 
FU FT| FHS HU Tet vate 
Rigs a4 sit fhe tat ae AUST 
& each ve IT ge Ur, Wea 
AK We) Tl Wie AIS Hh 
SSsism & alta Gata Sere THI 
SU TA TT] Set GL AVSet F arf 
ff fate sit arat ahs off, a 
STSSTS At rept Sl ASAT Schl TAT 
Hq amet saret ot safer, 


Protoplanetary Disks 
Orion Nebula 


HST * WFPC2 


PRC95-45b * ST Scl OPO * November 20, 1995 
M. J. McCaughrean (MPIA), C. R. O’Dell (Rice University), NASA 


ak Wet & sett sat F 
again aiftet a wt 
fafetke & aor ait agai 
sgt ft efter 4 | 


Tae Eh TSA, SSSA BIR 
aiferas, see Ae wa A at 
T AK se vat F daha 
BU fot Se 1g Ue Peri 
et Hel bet me] fee aT 
sat ee at are fated 
TART & sala + SF Tet at 
snfeme ase & tat eat 
aS oett Sat Ft ie whet 
fear, Set ate fret aS BAT 
aa & We al send 21 
THIN & SA Sala Hl dae 
fafeeror ata med e1 sa 
we ssh ak ees 
That ar siferenigt fear aie 
HUSH Sekt Sat F AT ST 
TAT | et Tpit TNT tA 
Tat at at aera F say 
H fren fer, sit eficefik 
STAR F Fed Vt a geese 


faa-15: attest Rerfter faa ant & ant ate rts airfare ast oh A SaTRRUT | AX TIT 
Sara a feed arch aaeran aed Ue eT TTT (uw anfeeel) faraeh at aah US Gerelt sar 


freqa am Hie 8 shat aera 2 are Ht ara He, aguet sit ergoit at sar | 


Credits: © STScl / NASA and ESA. 


a waft 3a te ana wa 
TE! sa UReVa & HaTlers, 
SA aren aed & fe sa te 
aa ST Tet HT Hes ATT 
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fera-16 : attra Prericenr Fae ae aT cot arffeneor | strat Prarie F aciars F at ART SN Det & ators Sot Sera AE 
BAM a ee at SG SAH GF Ho GT ANI & ge-fire oleae sal Al safes at Ses Te | 


Credits: © NASA/ESA and L.Ricci (ESO). 
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atpfen erm, aft sift ae a are 
fh saa et el ge aahrat & 
foru, arcafter att 3 Servit & ae vat 
Tet & fret ats forest cist & ot SPT, 
aor Geter Tet 31 MSt VISSsH BK 
Serra tet ar creda Det + ft rar 
SAK STAT RST ATATARTT FATT | 


FAVS aE wfsPat say set Ft BI 
Ugel, Fy RS AT a Tel & Sts 
F ferent we a stags St are epg 
ait aye aH mU| Saar Tard dae 
wat & Ser &t om, art sft ak 
WUSe HATS SA Tea AK Ag 
a, aredt ait Hose Hara aT 
gud | sit aaa a of set cer 
re TTT BaTaATe HeATE TA SM, Fare 
TA eT at HATE AT | CA TTS 
& ary, sete F Rrgwe aS Tet 
asals Slt TE, GAGA TEcaTEAyTT 
wfat + sat Herat al FAA 
an a fret oft feenent & fier fear 
aim, diem sat ate fe He Teel & 
freactt treft | set ofseat & ant steet- 
aet den 4 o Rage ak Avs 
at diet & aret Freer me SFT 
ae ara free tet cet erat A 
Tea TE ST Sl See SI HUST Hh ta 
AL TTR Ct Act Tet VET | ET ATH, 
art art sift sea & PROT 
Te, 3a We At ext a afeafera 
Te, St sede: Tfagftet Las Harsit 
H earfta et 1 | 

aed RS fret aes 

Gt Fuse (AK ATA BTS att Te 
AUS) & Frater & at Fe Fat 
fretitet afteeaat sect 21 
Ohtanctat deh ux stremfta feret are 
& few At 1g aren etc f1 ae ars 
ferard vet atch, sate gach Bt oat 


att ace sarftra sel Sta | oe ae we 
SATS AT fea TAT STATA oT eT 
aidt| Wat Tet stenedt wal a 
aed aut 4, aed et srafepa BT 
arent cal 1g Rrerttar oeeraT a 
Tete frator At ofsea A arg Stag wear 
Oh ATA A-OK 
uftarfeia fener STAT Tere | 


ea Fe ata aad & fH Perktar 
ofteetat at feast slag war 2 
fared SHOT spr sree fer eat BI 
sar fee tect Ft Hel TAT, A AST 
At safes sidta At up tet gear 2 
Set aH sare alg Ate ves Tete 
WR Ue WaT afk at @ fH eae aN 
qusel & Pato A oe fren at 
art a& ard art sams A oft 
MT Ht Tet SPH! Shes, Sat aT aff, 
ST AC SAY ant & ee-fitd Hw Te 
HUSH STA Le Sl | SANT et 
a sreprerhm & flac et ant & a4 
ate eat Hl Fed Sy WAM SRT 
dict at are aed aren & 
Meat FFE Wee A sata Ft 
we GAA Hl TAT CAAT 21 SARA 
Petite, frat vec wat At mg 2 
(fara-4at dad), F gach He SaTeUT 
Tits S| ta a tt geek ferret Kae 
7 ahs SSR AU SY AT HT TAT 2 WS 
TAT Sea ITT at Aste S OPS see 
é fm, sana faear Foe a 
ale te & atectt & ict Beat vet 
TRAIT Tet H PUT SE A 
aro at ar ator Sat 21 Sst Ba 
frechi-a & sfac dt ant & Frater a 
US GeHst CIM, aT aha TSH, 
HINA El 

AUT STS CANCER HART BH ERT SCT 
aha Certs + ae Al TAT IT 
@ fe sere Preriter o& arht ar 


fag, at & art six facqa as ze 
(Ferat-15 3k 16 ea) | A sfene aH 
100 wricita gargat (wR etc 
THUS, AT UY, BS Bi yet & stat Ht 
att at Fed @, att, TMT 15 HS 
ferctiexy & oft aaften At fsensit 
aah thet ad S| SUR SH GH HT 400- 
500 HS let Veet & ret Ft ST 
aad at SANT a HUse Ht Hw at 
WTR ITS At aL SUT HS fovea 
wat fevers Sa | 

Pretftert aftercrat ht ofS aed A wa 
TSIM Teele AT AR & ga-fire 
uot we & fafa Wet St Gist eT | 
1990 & arm 4 Gea Fafa eT 
G at ant & sdf ve asa Ft 
Ge atd tT Sl Sf TaN Tet 
Al Gist He AT-BAT Tear 
secure art ft ng 21 ada A, 
aedint FS aT Gare He dates ze 
Fe TATA STS Sad ASA ATT 
& gé-fré ware cmd gecafe sik 
WM Ala & as Det Ft aes 
aed S| ater Sree, fercrenet Bret et 
4, dedi often & Sea ea ah 
vedt & St wre Tet At Ulst & few 
spot 8, arctifee = wei a xT 
qedt oh SIA & Heo TAT salerH Vt 
Slat S| Gag Ca Tet Hl wera 
(AUR ate act S| Tx Pfr Vt, Berea 
at aera at ta Te At et S fear 
STAR SA FIA Gest STE ST | 
Sit Ge SH SA TN SST SAL CTA ST 
SR FT AKG SaAT at get Vt fer 
ae At af ater OT At Saetserat 
fae ferctenet wet et, sit Stat fer ga 
amd @, staat ft softer & few wa 
sett oes ea 21 ate Cel fenet He sar 
aftaed @, at Sa ae Bl ead eu fe 
Teas vel & iter & at F sea 
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asta weft St tat 8, Tet Ges FHT Uae steor aera fh a Haar Al Tear HS Uh TH A 
fee eH secht ats & fae aed cat TecaeHs FT dias & ttc aise | ot scafa @ ag Garett Ft et alt 
FSI A HT TS | Feat Hl SAA HET @, Tesh ST ACW 

safer, enit dx qoeet At scat & Gant Ft csaret Heat aff S ST SAS 

ait Ht BHR Tard & sara emery TET AET RC Seater + THs 


Note: Credits for the image used in the background of the article title: The new Solar System? The International Astronomical Union/Martin Kornmessernzel, 
Wikimedia Commons. URL: https://commons.wikimedia.org/wiki/File:The_new_Solar_System%3F.jpg. License: CC-BY-SA. 


Resources 


1. 


A Lunar and Planetary Institute designed activity for the classroom to help students understand the sequence of events in the formation of the solar 
system- http://www.lpi.usra.edu/education/timeline/activity/. 


A short video that takes one through the formation of the solar system - https://www.stem.org.uk/elibrary/resource/26893. 


This page from the Big History Project has a wonderful timeline on the formation of the solar system - https://www.bighistoryproject.com/home. 
Look under the link “Earth &The Solar System". 


This page from the University of Colorado has several activities, appropriate for students from classes 4 - 8, to help understand the solar system - 
http://lasp.colorado.edu/education/outerplanets/solsys_planets.php. 


AAS ANU ART Aeaearfaat Ue Treirsht Gears F wariertereAt gerd S| Saar vite sa fava axe fe 
STRIPS & sex, fase tar oy, Shatter gerel ar fearon fare ate Brat 21S ahs So a aera a 


= Bet Safire sik arate ves at afctaterat Farrand Hed S| Ss AAV IL TAT SA SPaTUT ITT Bh Mieep hea 
Sfeere Al SAA HET SEH ATA S| TATE : HA PaaS 
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C’ <a oft Scahe cht cleat HT eae BTS Gea Ud Sf fh HO ve 


eam GY et srataferd oh sled ste fe freq wet geet (Are) 


© TTS UH eg we eo aer-et Se aria verat us qa 
aaa saat carat art sishifert Sedat ch eke GF Scret eid S1 SAH 
vara F Pest STS Bot et Gad ait A caasra Al se visa wr 
el aftenign amt seti-seet afte = Gaaca ar fae sear (aigect die) 
ATTA Sh Ted At Sah TN At Sw Set aRaaccarsat SRT Lae al Sh aT 
feared at wer et ard we waif a ft few) fq saftact adh & aeq 


Fea 1 : UTS GAT SE AT TST Ch ATH ATCT OTE ATCT ANT | St FATE Hl St By Act 
aarad oft cat Hraropefed are ch xieet Ff feneft sear abt gfe vet eS | sae fata, St FTE 
Hl Tet AS aT Tg, FSA RT MA, Ter-Fet aa Sa ch GETS F sa aa Bastiat at ahs 


oat Tg | 
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ag Tak art fee Te vant 4 sh 
aaaia frat ar staca varftra 
amt fear | 

Tat 4 Are & Us ws ea Fl mda 
h BHR are Up fas yan F 
GA ST STANT at axrtan fee flat 
At Seahe ae fenett Her sh ststferch 
Tarelt a aet et Gendt (eae Fera-1) | 
Sa Hl dst H STN Set Gee F 
wm cet tet ceadt yet ee aeft 
ardt & Sit feret sft sere ch eee 
aT stsrepstt (spores) al Gare A 
Te Ae & Me A asa S Cent SI 
Oak +t Sl Geeht A ATe & MINS FY 
Sa - SF GF UH Geen Fh da 
al AMS LAT AMT SAX AL Met AT 
ats fear | qenstat ct afe aie 1d 
are Gere Set as Safes ATT 
Fars Sarnfed tet salt see 
fore ot ea & Besftat abt scat 
Tel Be | WaT sh set ORO A ae eat 
feat fe sfeet saat ft scat act 
at sifaa sfraartat a a a carci 
zl sa Ua al Omne Uivam ex 
vivo Hed & AMd “aT slat (2) 
ofan & SRT” | 


ada 4 et ad & fe sah aes 
aft yan & slaattat & far sft 
can dat & aretha yeas Storer st 
safe sa saad & saa art atc 
@| sareunes, aie F saftera wfereat 
& ast S Are Premade; Sfraropsit 
Ud ade & Stsopstt a aT are 
GTI-TaTA/ MIS H SraAT aS etctt S 
aa afer taat ater site tte sa 
are afasy ft difeat ar aq ed S1 
fx fh ae va at atpaita ate ara e 
f& wae gaa sfaard aftaea F heat 
arate? fret year & ware 
frat + silat At scaft a aera 
SAT eh? sftaa & orefests Laat 


J aot & fea lat ar svar fra 
BT? gett ox silat At Seater Hr cee 
Ba ae Hh at sat & alas Feng 
Gor Ue ferme Sate S| 

sa od al ame & few fe fa 
fatter ao A sft Ft scaht es 
art, of aad sfaentcat st afraret 
fracas SahTs HlSTeT Sh ER WL SAT 
errr | prfrent att Sat At sre 
SHS AAT Stet S1 Wee HST STG 
am 4 a wo a frerca sag 


safe grt vefsta ferent stat & | area 
Hf acdep SisrepT al Caw Celt ore hast 
& GAM AM MT Gad & at sftfaa 
Ted, Wt we, aaa & bg 
Talal & stags ws sraq et Ga 
Gdld SIT A Sd ST BT 
fear slag Sail SIA AL UH | SH 
TAN Sgt HE hl HY & few 
aifgret Sela ates Gen ARflAt sar 
STS cee S| Teles TAR at TI 
alfsrat & few fairs art ae 21 
wid Pratt war facade wisrar srt 
frat stat @, fara aterte after 
& ardafren verel GF ore Paxil 
qa UAT Aeeh BY CMATATOT 
at ogra & wah fife wa A SST 
STAT | HITT aT SATE Tees 


SET UY Sh FA AHR TSA SAT 
GUST FLAT S| SA MSS FS “Shes 
oe He’ sat Hl Hea S| KIS STAT 
al frator sth Wa & User Ft 
feat SRT Gea Slat S| Set tenga 
aft uid & ed @1 sata gear F 
dated Baa & seq wT aT 
SST slat Se ud Saw } fate 
Hy wd sawp ed 21 ae st at 
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Ta & Feel siferer stysit 
ae stranica Prater Ht oisrar &, sit 
saa aft scat ar teers sar 2 
HF Sl syst, Steae ar sida FG 
Ted HM stfttes F arat St seater 
Feet GSAT AT SHAT (SAM)? AS TA 
qed SM Aff at ses GAM et 
afererrgt & | 
Fa UT Hl Sat ar H few dartat 
7 Sah THR & are feu & ws 
eafsad SK @ fe aat St et! ga 
aN Tah ST A SA aT 
arsed Up aa Hears SV ARTAT 
aT Steics A STAT SPT | STAT 
Uh SAAT sHarH HY B, St SCAT wa 
WIE cat & Hel He Gara & ala 
SMa Gast HT TET (ste 
fe ARTaT aracat A) dat sarah 
fara & SAT H ATSaTSTSA Bh BT 
F sald ARUAY & See St USTgA 
& GAM He AC ) | Ale SARCAT Mt 
UPA UAT AUS St SH STAT TTT 
aor susie ax Bena 2 (aet srgaTe 
Tae Ue AIT Sta aheeaat 
4), ae aera 2 fH ones saan 
AUT & fare ay St SH UH Aceh 
& BT A artes BTS Hrs Hed 


ater - 1 : 3 AETET (A mphiphiles) 
uehithifet @t ale xreat ‘webhey’ 
Bald “ay va feo’ sata te’ 
SHA EAT S| SHITE AtfreH SF etd 
@ Ra see (hydrophilic/polar) 
cat setfacteft (hydrophilic/non- 
polar) alt @t Sear & Teratteh GS 
softer aa 21 ga ae & aetia atctt 
F SASSY SY US Ste tt cit S 
fe we vate ag st a zt 
TE | GIs, feesive, RET Us et St 
cart fare ea che sfaa 4 scart 
att &, SHITE Garesl H St Sava 
él 


(STII Hh WAM)! SA THK 
SARUAT Aza FH BU ate ch ferenra 
aru stat F afecrat ag ert st et 
ada 4 east cal fret @ | freq afe 
Fa ate G eat ae orefestey Start ar 
forcast Sat @, Ta a STAT Sry] fea 
RES HT FS St fe raenheat 
aft seats et 1g? arava aft alae 
ufttafaat sa wisrat A err Be 
ert 

se vraea aficrat + ata @ 
fe adam 4 at da fafaea ear 
al fret Tat S TS FAST IVT SH SR 
UpHRTAS SHAT A VT feaeHra SAT 
oftora 2 | ga facnrea ere St fet 
sentra Haat sites A ATT | 
ae wea Gare 2 Fe uel aed 
TOI Pak ialiaiceaiakseniiclict 


ATea-2 : Start Ue TAT 

stat fee a & we 2, Slat va 
TERMS SA Wert gearsil ar 
AAT S, St yet oe flat & athe 
Fam & yd ee atl gad pe tel 
frat ar aauor fear arat @, Fa 
Sfaen weaetent cat Frater, st wctHt 
a sect Ht AAT ws sect 
we asa dats at frat at 
add: sfiaat at aftaca F at Bahl 


Tee | areTa A eat OR Silas Beara 
Gist Te wad Tees Sarg Shera 
oH fem eet & ast  oisetos Ft aSrAt 
a ore fee TES, SF STINT TeTAT 
Toad & fae Siege Hed S14 
Teeter, Sit fee aT F cent Bis 
3 sian & e aera 8 areaeiten 


se Geastat Ft fepat & carr faa 
ld 21 a Taare TAT 370 Has aT 
Gert S| ga Tet Pa siren & 
Sa Taare Gea sta ot safer 
Atel Tet SH SF WT THAT HT 
ura: ‘arfeentisrenre? (protocells) 
wed @1 use aahat ws sraaitar 
UREA (ATE) Al Sie S sarfenrhsrear 


Acad Us arqaferen yeret sat ated 
arava Bot ERAT Wears act SI 
watt airenratt at afta Hed are 
fafecrat at aaet aAlfse a eI 
& ATST Teele LE &, FAST BT 
a set fafie seit srr fafia 
alet 31 sae frat sfcenterenrstt 
H seater aifsreprait abt axe tet 


al $e Ter S oferta fara eg - alg faeda axfad set aft fra a 
areas efter 
(aaita fergra) iy 
SRW ey 
l ree BSP EU | 
= “58 
Ss ARS aaeM1/ = © 


ea 


fera-2 : Geet ax gu oefeaten Sita ch ferenre ch AA Uh TATA ARTA SATA HT 
aafeaca Ta aT | AAT Sra 2 Pe SIRT Be & Sea Tar oT HET a way 
3 aa fl caren fara aruau sere facts: a ae ath ear Ser 


‘amfcentteret Uap feectt & feet Sat 
ara vert @, st aks, oferta 
fauto ust eifdh faa o> fore wen 
SV Sa ae Al Ca Al HST HS 
fera Uae Cet sarfeantfarent FAL ear 
oe (HAH Sac St STAT TH z - 
wm areal faectt st ots at preter 
area se faster sofa dat at 
ER SU S| A SA al Tel Al Sata 
4 srfeaniiran Ft afta sfaariat 
7 fanaa eh aa SRT erT | 


amet seat sift | apterenre 
oft freeft @ fet caart act 21 9 
fafecat arypsit & ater & afta 
Ud ST SAS hl AAA BTS 
Faia at & are at Sah sora 


feet ferfts sopsit ar asso act 
Be Sacht Uta wr At TATE TS | FA 
WE GAs AEE S fos SAH Ue Teh 
saree syst grr Pfta cet eT 
(hau atera-1) sea aid & fh 
q hat arary wd afta sate 
ae Use Brae Pee AT CHATS SAT 
Parr atc & ae Heo oithtafcat 
Ho fasts stent set ate Al sik 
caaant at fate ot at aad z 
HA TANT ST SMA ST AAT S fe 
Stam suit A arctica seit 
we stat a aes wT S aera 
eat Haat A wet (encapsulation) 
aa At amar ett 81 ga ager 
fafecat Ft wer sftrent arate 


ws Gsz.. Sfsenahir <pa aga | weet, 2017 | 127 


Traret At ALAA SHLAT TET VT | Fee ff, 
arate sitter fatectat & GAM at 
aat strat & fife fafecat ar oft 
FSW H array S Paral FT 
SAAT STAM Set Bh fears Stet 
ald Bl SMA ST eT Sl fara 
At uit & few ae wa ead a 
FSA aA | 


wet oi, oR arqaterer seret 
for Bret iidta <A werran & afea 
Gea at arte det A earratea 
at ft aat Vad J $a Tea aT 
fioct ata agreet F eae eT S flag 
Ye CARAT (Prebiotic chemistry) 
@ wraftad ade yait ert eater 
aT Fert S1 (Raw arera-2) | sels 
serie sitearat tet salar 
araz) a arti syst (te 
aan) ar aeasT ave welts 
aleck amt sottedt act & sien A 
sefste fener wa a, fle gel Carat 
& aa F adda oe a sey 
acfier ant fre me ofe vant a 
AMAT Sat @1 1950 & aarm A sfta- 
Trae eee fiek Ud Ris 
Att wetter fener fer UAT strc te 
wfeer carafe atittept Sar Pest BT a 
Frater Stelat ALT CAAT aT TATA 
ae aa, diss, salar ued sess 
EM aad Feat ch VAM HAT 
arava aft aftfeerfeat apr Frater ax 
feat I Gear eI 

fact He ast F sflas At scaht ae 
ATA PU Aled Bah Mea STARTS 
adr vat & eT Ay aT 


AU HL AM Hh vat HS S (eRaw 
fea-2) | Sa Fa at aaa ea Sif 
ira A SRV grt feu a 
are Hat Ft saat & facet 21 
stat fe SH Yes F te ah S STAT 
A hae GTS HI GITeH sy S 
afe srt aires A site 
HITT SI STH aT srs Ah LAT 
1 ae aes fe RAT Say aires 
algrarat 4 oda Patt asiad 4 
THE coe ar Paes PLATS, FA Act 
al gat S aes At car S fee yet 
ART FS are staat & feaare 
& aaa ot aarafid SRW ST 
al aftict ter etl aa aatt 
gh  Ugsepfecaess Ta WHA 
Sat area agers ar Far fe 
feet Sire torge & ant carat 
aaa # at aed S1 ante 
ARUAT SUS ar ferns UsTsAt (aT 
Ugasngy) Ht ferar SRT VAP TST F 
apetayash eat ah S| SAT Ae 
aaittes St feat Sea ait sett 
aa =acten Steet HUST FT SAS. 
crarafie sfafe sar a vers ae 
El sa ae Ft am # vad eu 
arafr airarait  ufeepta frat 
ft uae areata, Peiaur git 
ae Ts wep are ferent rel aed 
%, A Tanah fares an Sa es 
Al OTA at AAT SATA et ela e | 


Sant Tare H Sa At Hl GAS 
araeet een et tet & fee Tart 
h Sea Tat Aaa Gest oh AAT 
pha ukafeat fia at tet 


at aqafeata A acts aeett at 
oferta Frater ar sree aa S| SA 
we of Gast GAM FT WT a 
fee sian yal sty Stet ferfis, figt 
au anfe ft sakafa 4 auwaw 
UHAHT ST ARUAL Teeth Bh PLATT 
At Far Uishat et Gendt 2? ea fasts 
ST a cael SRTAT ST GUSTS 
Am ST UT syst Ft oicpiaaw 
SAM Ht at Ud Udtenal Hl GAS FT 
TATE FL TS S| FA ALT HT BeVI 
orefestar gedt ut aarfcentisrenrsit a 
aa Ud frees Hl SASMT eI 


fivad & eu A tar vei eta 2 fe 
qedt ox sfaat & uniter shen F 
er sierra ar saa wafer 
Tareagira Ft ofan & sfafearst Fr 
ant oftadst al agar 21 fee sft ga 
wiser sat Gas F pitas aAtfcat 
ont atte mg S| gaa a UH sate ct 
ARUAY (A Gaels AEH) H ALA 
tad: ieee sant ar yeasts @ fare 
“<smuifees Sfleacgnitet sat Faq” 
eT AA S| AT Alc BIH AE 
agra @ fh tad siifaa te Gears are 
sifectfarenrait Set teaare ferpra & 
ary €| ohoracaey, et SAR aet 
Sel OTE Sts oh fore Tee aA 
apifsrent Pita caer At fee A sed 
HS HET S| fx of, ae BEAT S Ua 
ate sre ax fora dt Sart ged az 
Stas At scat arse sattrgot att 
Fa HS HSK EA GS GT | 


Note: Credits for the image used in the background of the article title: Class | Ligase Ribozyme. David Shechner, Wikimedia Commons. 
URL: https://commons.wikimedia.org/wiki/File:Class_|_Ligase_Ribozyme.jpg. License: CC-BY-SA. 


128 | ais dsz., Afsenafin apa aa | teat, 2017 


ater ance aeacticiish A earch Us Errcen ie feat cit ch Gare Wt fered efter Stecde AM USA UAT 
ud feared (argarerasare arch Seer A hts fees hte F State Ht STA Sq AAT S| ST STS ST 
are ae fares Ue srrorferen SrShST At USTSH Ach CAAT foreTSAl SY aPHSaT SH STRUT ST UAH TAT 
aad Faas wt dfead e| Sa nirja.bapat@students.iiserpune.ac.in GF fat A AAT e | 


aes A Ft Safes Hictst Hay G TACT A Karceh FSH cet FH VATA Hl 2011 F STQSTAUTASSAR Tt A 
aarenfert deat art A sett ferar | Stenr HIS Sq Tara Mises cA AAS @ fare ROT Aafaftt yect 
UE FEAT HT HHSTT SAT VT | aa St She PSMA ch cevoatiHeT ws GET F Ht Tet S| SAT cvmungi@ 
students.iiserpune.ac.in Wt wench feat ST Aaa a 


Ber Tsao yet Rare STESAUARSK Hl pitaer SS si cs (COoL) WAPI H Mee MEAT 
Ue faeTeaat S| SH TS TS Sa shite ears hl CIE HEAT @ fra HIT Slag yet geet ae ore start 
Al Saha Us fIaHTa SST SMT | BTTATS : ACT TL 
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Sfraferrt tert 
UTaTS AISA HT 
wedtaat artis 
AEA 20-23 
ferarar, 2016 wr Tat 
H atrattera fear 
Tran! sftafasra fre 
Hada Sart 

ux fererent oie 
Wletehatatt oe tet 
BENTO cl ASTAT SAT 
Sa GAA Hl hes 
farg aml ga wheat 
Fae cht TTS 
aval car faacor fear 
Ta Bl 


fefetia a& sfafeagr fret & 
Uh ame 4 um cm-at a 
Wifhe) atest sfafeara fee ar 
Uae HIST (Asian Association 
of Biology Education, AABE) 
Hl YSstd 1966 F FT| ssp uTsly 
aes 16 URS eat HS GISt 
BL AAT MAT FT MRSA FH STATA 
y sectteat fears oats fare, 
2016 4 mat ¥ srratfert fara rar | 
wa ay & ater a fava ot - 
Sfafear fren stk siterenrt 4 eet 
: SEN AR Ailfeat) WA FT 


Urals oh Teva 


Seler Catleed Uae, PETA, 
TaT ane fara rat fares frets At 
PTH ch SCH STI cael ch Hat GI 
Se Sct BU STMT AIT FeAT | 


wig via faa der, a 
feet & uthear gesfia wr aT 
wT Ge & fava & fre sed 
wreafiter ar| Set strates frat 
& ada caer 4 fees 
taal At sat FT A sa A aA 
arenita ferat fee gach ert dha 
AL MisHaT Sl HIT VT Teel Tat S| 
Up Tiertafaart (immunologist) 
SM & ad Ser Serecr fear fer 
sfafaara frat & ada oraer 
GAM BTS Ut aH alexa ae 
T MUS, Walch Se WT SB Bae 


e Ung ea 4 Sflafag & Seas A Ga HET (SAN SAH MTHS ST 


aglat et) | 


ee BAa-aaa wuss eat & sflafaars raat Sales STAN AT | 
@  Ufsard up tet den eanfte Seat St Sears arate, ohrenrsit siz 
wea, fastasit ie frarent & fates & ferw hex h BT HS He ah 
ak sa Gear atk fatter set A set Tear HT aS He are GATS 


Shea AENIUT ch Uect Get Ae | 


@ at Users a4 Silat sears hex Al CATIA Al STGTAT SAT | 
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faa-1: 


Credits: Reeteka Sud. License: CC-BY-NC. 


uedta wfcren faa Gear, ag fered & shar aeasia ta UUs AAs F ATT Sct ST | 


“sq aac 4 aNd A ctafas & 
seq Ht adam Rafa & a 7 
ae aaa Pater 6 @ feared ee |” 

- Ua Gea 


Ta SIN GATT WH Sah Tata FY 
al Het aTPSU | War Teta Vt S fee 
ae att fasat & aa sfafeara & 
Ghat-frart Ft uff career ay 
SAS WH Aa, stig la Sao He 
Rafat SSS | MHA TAT HET, FAT 
We CAM Feel Ga @ SK slates 
 WSaHA Hl beg esa’ Tea 
pratt afar (reductionist view) 
S Taree’ Se arften cara sfoanror 
Al St WS Aearaeat HY Tae 
AX ThA S| SaTeUT oh ferw sakwwar 
& CAL AN SA Aaa & CaTELT 
& dra ah seddtace far d weet 
al? aa rent & Seva cal paratfya” 
atch SE hae Usp UstTR aT Pera 
oa, fora Sree A Tecat et, at 
aa kat Ba Gad Tel AAA 
amiite Frater aed oe hfexet fea ST 
Tara 8? 


anda fas dear (tee) At 


TR Ceo seaport + TET TAT 
al Uh Fed Aaah Giewa SASK 
al Saat feat] FA Ta W SI Vd 
Be fee aatoreniie Sfaerea (Natural 
History) sflafagia oT Uh Feat 
aM Sat afew, Set sa aa al 
Vaiterd fran fe cule a ast ae 
fava sfafaara ft qarsit 4 fears 
eal ear 2 | ae fRratat At af & aaa 
was aa @ - fay wee at aft 
wrens sftera A wsrierat cata 
al ad €| safer eat unt sik 
@, fered Ge st ara @ fe <srres 
staf’ act vanes 3ik 
arta fassuor da frente aT 
@, Fel Wpla Hl Hae Aaa HL 

“oS Seael sik aahld eHett 
Rrerest a Prorat Wat ag eB CHT 
site eon fret a zeta user Tee 
Fl PANY SOI ALA AEM | SAH 
fran 4 bac TANAP AN Taran 
}, d Hol HN Sears G we ETH) F 
qe aaa tel fe Uh steer rare 


ad Hi Fel aot @ SR H areda H 
OR Est |” 
- Uh went 


ahar & fore alg tara Fel S| SSA 
sa ald Hl Vaiferd far fe ear 
Tree, PY, stefrat, career 
a araead We, Fel ah fh Aeag 
Uftada & Ur Yar sat ada Mahe, 
ast feretta-fereth verre & srenfcr 
gferera oe PAL S| AAMT HT HAT 
hae syst  aiftern fessor & 
“At cen fee Tiseea 8 ct art arc 

Rien & aan F eileen Het ares 

Geman & eae HK tact Bre 

ad alet Felfaeneral H sha Uh GTS 

@ | Fe Caled WLU H ITI S CIT 

BST GET SElt CTH FAB F TA 

Ted El Caran fetes & See 

feu)” 
- Uh Heurtt 


STE replicas Shara A SAT ATPST | 
STH HIM esi Tah HAs Ae 
tial @ rer sat at sfafaara fren 
Ff AHOT HT FATT eT AT | 

sad als em sel fe eae fren da 
He ARG US HUA S - WeawHa F 
rea MAR Sect ST Tete, SA 
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‘TE CGR sear om fe He Scare 
Ries aid wt oferta a st 
Chad &t ofpar al Warr aa Te 
el” 


- Uh Gey 


Ute & Veet SA As Al RT AT 
firerat stk ferenfiat & fee sec 
aftr fot Stat @ | fered Shar Frag 
asarset At sitar carl orev 
+ Her ae fram Ha A dare aa 
sa aft carzaat edt @ ott ae 
‘Sala TN’ Al Ga S| Ale Was 
Shae St at Sa SIT HT TOT Tet 
after wera et Gana Se] Sat 
ao & Gas A Se stat cast HY 
He HT Serer feat Bet Wes WA 
arett (ak aden A gat BT A IST 
St ate) qearcaee Saat al CS 
oar Bead H veda fea sat e 


free facet sas atrd al sits Gent 
| Sach TROTACSSY, ST AeA a hac 
TERR Te Ht cd YS ferefsiat & ferw 
AGT st Sd S| Ha F Pete sr 
sae fifa axis saat Gad are 
feareff sta cat At that Fr ufspar 
Hf afspa Gey FA Sd 

sa anes F went a ea ae 
vee al sfafaara At far 4 
Gat Al area HTAVITHAT FH AL F 
fia wo a afta vers & aad 
& fre Hse ae feat | TAS H, TES 
MAHA et Fs TST HITT S forarh 
aed sta aNd Brat FY, sk 50 
ast & aftr vedi Usrag ares At 
Saat Ht Ws | Gea Tees 4 Ae 
aye frat fer Aca SRT arte A 
Set ear freee Bae wheat a 
faa, ix sa ufeer & watt Bre 
sore H aftada & feru, siftrer ane 


er | 


ate 4 fafaer qeuft, fran 
aK Saen set safest & frat 
STSM-SEM & fae Wah FS SPST HT 
vert ferat| $4 dea at ead au fer 
aH ATT 100 AEM &, aA 
+ araet qeart & fae Fed ster 
Aaa Gers fra | FAT AVN retant wr 
SA afeat al died & few aha ae 
Gant sit safer Ft fren ar attra 
adi @2 up aiftra eat F ee eT, 
feed GH SE Usb Stet YRS oh BT 
F dad 31 $4 THR & GACT FT, 
Sl Acafet & Saat Ver aid Z, 
Oita frerat al Up La WH A A 
Fea Aas St THAT S| SA UH 
Tet oftada Al star asft Hx Gant 
@ wa Slafasn Ft fren & ofa fataer 
SMTA SIN eRlat aTet Safes Wh BTA 
are | 


Se US H Met Sts & fore arate Rratey, te Mar Helene Gareth, AER eTRT F nddeshmukh1965@gmail. 


com ( Fach Al Uh & | 


Waslls ST Us UH SF UR Het HM AAT VARTA ToT Al STAT FSS http://www.aabe.sakura.ne.jp T 


AMSA SEI SI Gea S| 


Ofcent ae sfisat sratearse HF Ra aaah S| US afar fara, Octet feast SEMI sl ca Tet Seale 
| sa reeteka@indiabioscience.org 4 wench feat ST AAT e | 


ain orepfe sftrere & fever a Sarah Chel fear S| SAM brownfishowl@yahoo.co.uk WAP HAT ST AAT 


= THAT tea HATH S SAC RAAT TAT TAAL Gh SAAT FH ACTS SAT HTS aA WTF Het S | Seer raw, Tara 
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